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ARTERIAL hypertension is found in patients whose kidneys exhibit 
a variety of lesions and who suffer from renal insufficiency. Similar 
lesions have been found in hypertensive patients who are free from 
renal insufficiency.*** That these lesions play a part in the exist- 
ence of hypertension is shown by the fall in blood pressure which 
has been reported to follow removal of a single affected kidney. 
Butler was the first to record this result in 2 children suffering from 
pyelonephritis. Similar occurrences have been observed both in 
children and adults (Table 1). Of the 12 reported, 7 cases were in 
children. Only 3 were observed for more than a year and all were 
improved. One of the 5 adults was examined over a period of 11 
years and remained free from hypertension for 10; finally, however, 
it recurred.* The other cases were published before an adequate 
interval had elapsed. The late results of nephrectomy in adults 
are therefore uncertain, although in every instance the immediate 
effect was a lowering of blood pressure for a matter of months. The 
inference that can be drawn from all the information now available 

* A review of the older urologic literature has failed to reveal the effect of nephrec- 
tomy upon the arterial pressure, or of cases similar to those which have recently 
been published. Barney and Suby,? however, mention a series of 305 cases of pyelo- 
nephritis and hydronephrosis in the records of the Massachusetts General Hospital, 
of which 25% exhibited hypertension. It is hoped that other similar statistics will 


soon be available in the literature. 
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constitutes, accordingly, an unsatisfactory basis for drawing a con- 
clusion on the value of this operative procedure; for the most part 
the cases were in young persons; the duration of observation was 
short; the end results are uncertain. 
served in the period of weeks or months afterwards make desirable 
To follow out this plan Is 


a further analysis of cases so treated. 
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reasonable because renal affections have been found to be so common 
in cases of arterial hypertension. 
performed in 7 instances. 


In no instance has hypertension disappeared. 


Nephrectomy has therefore been 
Two patients were not improved and 
have subsequently died; 2 were improved for some time (16 and 11 
months); 1 was temporarily improved; and in 2, no change has been 
observed. 
7 cases will be discussed separately. 

Patients were selected in whom severe arterial hypertension was 
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associated with unilateral renal disease accompanied by marked 
diminution of function of the affected kidney but not by renal in- 
sufficiency. In 4 there was evidence of disease of the opposite 
kidney of lesser degree, and in 3 no other lesion was demonstrated. 
It must be emphasized that little difficulty was encountered in find- 
ing such cases; they are common among younger individuals. 


Case Reports. Case 1.—(Hosp. No. 10,354). H. S., aged 35, was a 
taxi driver who had suffered from arterial hypertension for 2 years. His 
mother died of high blood pressure at the age of 67. In 1926 he experienced 
an attack of renal colic and hematuria from which he rapidly recovered. 
There were 2 similar attacks during the next 2 years. His blood pressure 
was normal in July, 1936, but in March, 1937, his systolic pressure was 
190 mm. Hg. 

In December, 1937, examination revealed the presence of a small hemor- 
rhage at the temporal side of the left optic disk. The vessels of the retina 
were narrow and slightly tortuous with obvious irregular areas of constric- 
tion. The heart was enlarged in Roentgen ray photographs; there was 
diffuse thickening of the radial arteries. His systolic pressure was 210, his 
diastolic 130 mm. Hg. The urine showed a trace of albumin with many 
white cells, singly and in clumps. The clearance of urea* was 84% of 
normal. Shortly after this he suffered an attack of pain in his left costo- 
vertebral angle; urination was painful. A small amount of hydronephrosis 
existed on the right (pyelogram after intravenous injectiont) and in the 
left renal pelvis was a large, rounded, apparently movable stone. In 
February, 1938, reéxamination of the ocular fundi showed a small fresh 
hemorrhage near the right optic disk and a scar on the temporal side of the 
left one. Cystoscopic examination was performed and separate specimens 
from the two kidneys showed that the clearance of urea on the right was 
37.7° % of normal; on the left, 22.69%. Maximal specific gravity of the urine t 
was 1.022; there were very many white blood cells, single and in clumps, 
and culture showed the presence of Escherichia coli. He was transferred 
to the Squier Urological Clinic for operation which was performed March 
7th. The left kidney was found to be granular and smaller than normal, 
and its capsule was thick, fibrous and densely adherent. The stone was 
found fixed in the ureter, which was dilated above it, and there was an 
artery crossing the uretero-pelvic junction, producing angulation. The 
stone was removed and nephropexy done. Because of infection in the 
wound and the development of a huge hydronephrosis and hydro-ureter on 
the left side, nephrectomy was later performed. Following discharge he 
developed an attack of acute pulmonary edema, from which he rapidly 
recovered. In June, 1938, cultures of the urine again demonstrated the 
presence of EZ. coli, and no change in his blood pressure had occurred. A 
considerable amount of pus was found in his urine which did not disappear 
on treatment. 

In August, 1938, he was readmitted because of several attacks of paroxys- 
mal nocturnal dyspnea. Bilateral papilledema of two diopters with peri- 
vasculitis was seen in the ocular fundi, and there were many flame-shaped 
and linear hemorrhages with areas of exudate and scars. The urinary 
infection persisted in spite of therapy with sulfanilamide. 

The symptoms of heart failure increased, his clearance of urea fell, and 


* By “clearance of urea’”’ is meant that of Van Slyke. 

+ By “pyelograms after intravenous injection” is meant Roentgen ray photographs 
of the genito-urinary tract after the intravenous injection of Diodrast. 

t By ‘maximal specific gravity of the urine’ is meant the non-protein specific 
gravity after rigid restriction of fluids for 36 hours. 
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his blood urea nitrogen became elevated. He died on December 2, 1938, of 
cardiac and renal failure. 

Description of Specimen. The left kidney measured 9 by 4 by 2.5 em. 
The capsule was thickened, shaggy, and densely adherent to the par- 
enchyma. The renal substance measured 1 em. in thickness and was 
opaque and gray in appearance. There was marked dilatation of the pelvis 
and calyces. On microscopic section many areas of extensive fibrosis were 
seen through which there was infiltration with lymphocytes. Many glo- 
meruli were fibrotic; in others Bowman’s capsule was thickened and adher- 
ent to the glomerular loops. The tubules were dilated and atrophied and 
contained purulent casts and caleareous débris. There was marked thicken- 
ing of the intima and media of the smaller arteries and arterioles, some 
being totally occluded. 
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CuartT 1.—Showing course of Case 1. Upper line is average systolic; lower, aver- 
age diastolic pressure. The urea clearance refers to that of Van Slyke. Specific 
gravity refers to the maximal specific gravity of the urine after fluids were restricted 
for 36 hours. Months refers to duration of arterial hypertension. 


Autopsy: Right Kidney. The kidney weighed 265 gm. The cortex ap- 
peared hypertrophied, and the calyces stood out distinctly and were slightly 
dilated, as was the lower ureter. On microscopic section, the tubules were 
seen to be markedly dilated, extending to the surfaces of the cortex in 
many instances. The glomeruli were decreased in number and appeared 
to be arranged in groups radially from the calyces instead of being scattered 
irregularly throughout the cortex as is found in the normal kidney. In 
these radial areas there was usually a great deal of fibrosis and between them 
were dilated tubules. The glomeruli themselves were thickened and Bow- 
man’s capsule was distended. There was no congestion in the kidney, 
but the vessels, particularly the arteries, showed a thickened medial wall. 

Anatomic Diagnosis. Pulmonary infarction; marked hypertrophy of 
heart; chronic passive congestion of liver; diffuse arteriolar sclerosis; 
arteriolonephrosclerosis, mild; cyst of pars intermedia of pituitary gland. 
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Comment on Case 1. Arterial hypertension exhibiting a “malig- 
nant’? course was associated with bilateral organic renal disease. 
There was a calculus in the left kidney, hydronephrosis, aberrant 
renal artery constricting the ureteropelvic junction, and pyelo- 
nephritis. There was also right hydronephrosis of slight degree 
with infection. Removal of the left kidney resulted in no change 
in the rapid, downhill course. Death occurred from cardiac and 
renal failure. There was marked vascular disease in the kidney 
removed at operation, but it was minimal in the remaining kidney. 
In addition, a cyst of the pituitary was found. 


Case 2.—(Hosp. No. 10,598). A similar event occurred in the case of 
B. W., a 30-year-old housewife, who had suffered from hypertension for 
8 years. Her mother died of hypertension and her father’s sister exhibits 
it. At the age of 8 she became ill for several months because of “‘pus in her 
kidneys.”’ Pyuria, low grade fever, and loss of weight occurred. She con- 
tinued to show pus in her urine on occasional examinations for the next 
12 years, but was aware of no other symptoms. Her blood pressure was 
normal at the age of 21, when she was married. She was soon pregnant. 
In the sixth month her ankles became swollen, she suffered severe head- 
aches and her blood pressure was found to be elevated. Nausea, vomiting, 
headache, edema, Pal’s crises, hypertension and albuminuria made termina- 
tion of the pregnancy necessary and a live infant was delivered. Her blood 
pressure did not return to normal. At age 29 her systolic pressure varied 
from 260 to 210, her diastolic from 150 to 120 mm. Hg. Her heart was only 
slightly enlarged in Roentgen ray photographs. One scar was seen in the 
retina and the arteries were tortuous. £. coli was found on culture of the 
urine. 

Pyelograms after intravenous injection disclosed ptosis of the right 
kidney with slight dilatation of the renal pelvis. The shadow of the left 
kidney was small. Cystoscopic examination with retrograde pyelography 
showed a markedly contracted left kidney with a dilated renal pelvis and 
upper ureter. Studies of the functions of the two kidneys were as follows: 


Right Left. 
Phenol red excretion (20 min.) 5.8% 0 
Clearance of urea 24% 4% 
Albumin 0 + 


She was transferred to the Squier Urological Clinic where cultures of 
the urine from the right ureter showed the presence of Gram-negative 
bacillus of the colon group, while that from the left was sterile. Her systolic 
pressure varied from 270 to 230 mm. and her diastolic from 170 to 132. The 
left kidney was removed Dee. 2, 1938. It was very small (12 gm.) and was 
markedly adherent to the surrounding fatty tissue. The pelvis was dilated, 
thin, and friable, the ureter small. 

Immediately following operation her blood pressure fell temporarily to 
a level between 180 and 140 mm. systolic and 120 and 110 diastolic, but 
3 weeks later it was 240 to 200 systolic and 160 to 110 diastolic, and 2 
months after operation it remained at the preoperative level. The clear- 
ance of urea had fallen to 41% and exudate, hyperemia of the optic disks, 
and slight papilledema were noted in the ocular fundi. Cultures of the urine 
again demonstrated the presence of E. coli. She died May 15 of renal 
failure. 

Description of Specimen. The kidney weighed 12 gm. The pelvis was 
dilated and very thin. There were many dense, radial scars of fibrous 
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tissue extending from the medulla to the capsule, and the cortex was thin. 
Microscopic section showed dense fibrosis of the parenchyma. There was 
marked thickening of the intima and media of all the vessels, and in many 
instances their lumina were obliterated. In a few of the tubules purulent 
material was seen. 

Autopsy: Right Kidney. The kidney weighed 200 gm. On section, no 
cortex was evident, and calyces in five places extended directly to the cap- 
sule. The renal parenchyma appeared to be made up entirely of medulla 
interspersed with fibrous tissue. The calyces, pelvis, and ureter were 
dilated. On microscopic section, the normal architecture of the kidney 
was drastically altered. The glomeruli were reduced in number, many 
being atrophic and some calcified. The normal line of demarcation between 
medulla and cortex was destroyed and many groups of glomeruli were 
definitely in the medullary area. There was extensive irregular dilatation 
of the tubules with many areas of degeneration, some being infiltrated with 
numerous round cells and fibroblasts. Almost all of the arteries and arterioles 
showed marked thickening and sclerosis of the media. 
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CuHarRT 2.—Showing course of Case 2. Notations same as Chart 2. Blood pressure 
was said to have been normal previous to point marked ‘‘pregnancy.”’ 


Comment on Case 2. Infection of the kidney in childhood appar- 
ently became chronic. Pregnancy resulted in toxemia with hyper- 
tension. The left kidney was found to be contracted, and function 
impaired. Removal of this kidney failed to change the course of 
hypertension, and death occurred from renal failure 5 months later. 
There was advanced arteriolar sclerosis of both kidneys. Pyelo- 
nephritis associated with hydro-ureter and slight hydronephrosis 
were present in the functioning kidney. 

Case 3.—(Hosp. No. 10,237). A. L., aged 30, was a stenographer. 
Her father suffered from hypertension and his brother died as a consequence 
of it. At the age of 20 she experienced a number of attacks of pain in her 
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left lumbar region associated with nausea, vomiting, and hematuria. A 
moderate degree of hydronephrosis was found on the left, with angulation 
of the ureter at the uretero-pelvic junction and some diminution of function. 
Her blood pressure was first found slightly elevated at age 24; at 26 was 
definitely so. 

In June, 1937, she complained of severe headaches, moderate dyspnea on 
exertion, and palpitation. Her heart was slightly enlarged in Roentgen 
ray photographs. The clearance of urea was 97° of normal. In September, 
a scar was seen in the ocular fundus and there was evidence of perivasculitis. 
In February, 1938, pyelograms after intravenous injection showed moderate 
hydronephrosis on the right with ptosis of the kidney and angulation of the 
ureter at the uretero-pelvic junction; the outline of the left renal pelvis 


Cuart 3.—Showing course of Case 3. Notations same as in Chart 1 At the 


point marked “‘leiomyosarcoma”™’ a tumor was removed from the stomach. For 
fuller explanation see case report 


was not seen. Cystoscopic examination with retrograde pyelography 
demonstrated a large hydronephrotic kidney on the left, with sharp angula- 
tion at the uretero-pelvic junction. The average clearance of urea on the 
right was 89°% of normal; on the left, 21°%. Albumin was present in the 
urine from the right but not in that from the left kidney. She was trans- 
ferred to the Squier Urological Clinic where left nephrectomy was per- 
formed March 14. The kidney was enlarged and the cortex was thin. 
There were several anomalous vessels about the hilum, and the ureter was 
kinked about one of these which entered the lower pole. Her blood pressure 
the day of operation was 270 systolic and 150 diastolic, but on the following 
day it had fallen to 130 systolic and 90 diastolic, and during her convales- 
cence varied from 120 to 176 systolic and from 80 to 108 mm. Hg. diastolic. 
In May, 1938, she became anemic and the presence of blood was discovered 
in the stools. Roentgen ray photographs of the gastro-intestinal tract 
revealed a large, round defect on the lesser curvature of the stomach. 
Exploratory laparotomy was performed June 13 at the New York Hospital 
by Dr. Ralph Bowers, and a portion of the stomach containing a mass was 
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resected. The tumor was a leiomyosarcoma, but there appeared to be no 
involvement of adjacent lymph nodes. Convalescence from this operation 
was uneventful. Her blood pressure before operation was 160 systolic and 
100 diastolic, but immediately afterwards and during her postoperative 
course rose to 180 systolic and 110 diastolic, and 6 weeks later was 162 
systolic and 106 mm. Hg. diastolic. In November, 1938, her systolic pressure 
varied from 200 to 184 and her diastolic from 120 to 110. Since then her 
blood pressure has remained at this level. There have been no symptoms 
suggesting recurrence of the neoplasm of the stomach, and she has noticed 
a complete disappearance of her headaches. 

Anatomic Diagnosis of Kidney. Hydronephrosis; chronic pyonephrosis; 
fibrosis and atrophy of kidney; arteriolar sclerosis, moderately severe. 


Comment on Case 3. Arterial hypertension was associated with 
bilateral hydronephrosis and right nephroptosis. The left kidney 
was markedly damaged. Nephrectomy resulted in a sustained fall 
in blood pressure, which did not reach normal levels and which has 
approached the preoperative range. The removal of a sarcoma of 
the stomach did not lower the level of the blood pressure. There 
was symptomatic improvement following nephrectomy. A moder- 
ately severe grade of vascular disease was found in the affected 
kidney. 


Case 4.—(Hosp. No. 8947). M. B., was a nurse, aged 33. A maternal 
aunt died of apoplexy following hypertension. Her general health was 
excellent until the age of 23 when she began to complain of pain in her 
right flank and groin which at times became severe. Cystoscopic examina- 
tion was made. Marked ptosis of the right kidney with slight hydro- 
nephrosis was found in Roentgen ray photographs. Following this pro- 
cedure the attacks recurred, coming on as often as twice a month, relieved 
by cystoscopy with catheterization of the renal pelvis. The frequency of 
the attacks gradually became less over the next few years, but during the 
past 2 became greater. 

Her blood pressure was first found elevated at the age of 24 and a few 
months later headaches appeared. At the age of 25 her systolic blood 
pressure was 180 mm. Hg.; at 27 it was 240, and at 28 her systolic was 198, 
her diastolic 136 mm. Hg. 

In 1934, when she was admitted to this hospital, the physical examina- 
tion was not remarkable. There was moderate obesity. The ocular fundi 
were normal. The heart was slightly enlarged in Roentgen ray photographs. 
The peripheral vessels were not thickened. The clearance of urea was 119% 
of normal and the maximal specific gravity of the urine was 1.036. There 
were no albuminuria or abnormal microscopic elements except for a few 
hyaline casts. Her basal metabolic rate was —25% of normal. After 2 
weeks’ rest in bed her blood pressure fell from a level of 200 mm. Hg. sys- 
tolic, and 135 mm. Hg. diastolic, to 160 and 95, but rose again when she 
became active. 

Four years later, when she was 32, her systolic blood pressure remained 
at a level of 190; her diastolic at 130 mm. Hg. The heart was slightly larger 
in Roentgen ray photographs. The ocular fundi were normal. The clear- 
ance of urea was 115%, and the maximal specific gravity of the urine was 
1.031. There was a small amount of albuminuria and many white blood 
cells in the urine. The basal metabolic rate was —20%. 

Pyelograms after intravenous injection revealed an apparently normal 
left renal pelvis and ureter. On the right, the kidney was markedly ptotic, 
the pelvis being small and contracted, and situated below the iliac crest. 
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Fic. 1.—Case 1. A, Right kidney removed at autopsy, showing almost complete 
obliteration of cortex; B, pyelogram after intravenous injection, showing calculus in 
left renal pelvis, and slight degree of hydronephrosis on right; C, microphotograph 
of left kidney. Note advanced vascular disease, tubular atrophy, and infiltration of 
parenchyma with lymphocytes. D, Microphotograph of right kidney. Some of the 
tubules are dilated, the glomeruli are shrunken, and there is very little disease of 
arteries and arterioles. 
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Fic. 2.—Case 4. A, Pyelogram after intravenous injection, showing ptosis and 
distortion of right renal pelvis; B, microphotograph of a section from the right 
kidney. Vascular disease is moderate and there is some fibrosis of the parenchyma. 
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Fic. 3.—Case 6. A, Microphotograph of left kidney. There is fibrosis, atrophy 
of tubules and glomeruli, and lymphocytic infiltration, with minimal involvement of 
arterioles. B, Retrograde pyelogram of left kidney, showing hydronephrosis and 
hydro-ureter. (C, Photograph of this kidney, showing almost total destruction of 
parenchyma. Section has been removed from the upper border. 
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Gystoscopic examination was therefore performed in October, 1938, and 
again in February, 1939, and the function of each kidney ascertained as 
follows: 


1938. 1939. 
Right. Left. Right. Left. 
Phenol red excretion (10 min., 
1938; 75 min., 1939) . . 2.9% 12.1% 16.1% 34.8% 
Clearance of urea. . . . 21.0% 88.0% 28.0% 53.0% 


Because of repeated attacks of pain in the right flank, nephrectomy 
on the right side was performed at the Squier Urological Clinic, June 10, 
1939. The kidney was low in position, the ureter short, and the vessels 
entering the hilus elongated. The kidney itself was smaller than normal. 
Her blood pressure fell after operation to 138 systolic, 90 diastolic, but one 
month later it had risen to its preoperative level, where it has remained. 


blood pressure 
Mm. Hg 


Urea clearance 
Fer cent of normal 
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Cuart 4.—Showing course of Case 4. Notations same as Chart 1. 


Description of Specimen. The kidney was small and atrophic, and a large 
artery and vein ran in a tortuous oblique course across the upper anterior 
portion. There were also two aberrant renal arteries, one at the upper and 
one at the lower pole. The pelvis was distorted, but the cortex was of normal 
thickness, except where several fibrous bands extended to its surface. On 
microscopic section, Bowman’s capsule was moderately thickened, and there 
was marked narrowing of the lumina of the smaller arteries and arterioles 
owing to sclerotic changes. Considerable fibrosis was evident. 


Comment on Case 4. Arterial hypertension was associated with a 
unilateral renal affection which probably preceded the elevation of 
blood pressure. Although total renal function was normal, it was 
diminished in the affected kidney which was contracted and ptotic. 
Removal of this kidney 9 years after the onset of hypertension 
resulted in no change in blood pressure. Disease of the renal arteries 
was marked. 
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Case 5.—(Hosp. No. 10,399). The case of F. C., a 26-year-old house- 
wife, was similar. Her mother suffered from arterial hypertension. During 
childhood she developed chronic urinary infection said to have been pyelitis, 
At the age of 25 she experienced considerable emotional stress and began 
to notice marked nervousness. Her blood pressure was then found to be 
elevated, being 192 systolic and 130 mm. Hg. diastolic. Her heart was not 
enlarged. The ocular fundi were of normal appearance. Maximal specific 
gravity of the urine was 1.025, with slight albuminuria and cylindruria, 
Clearance of urea was 87% of normal. Retrograde pyelograms showed a 
small renal pelvis on the right, the calyces of which were club-shaped and 
distorted. Studies of the separate functions of the two kidneys were as 


follows: 
February, 1938. September, 1938. 


~ ~ 
Right. Left. Right. Left. 
Phenol red excretion (10 min., 
Feb.; 30 min., Sept.) = 0.4% 3.8% 1.3% 14.3% 
Clearance of urea . . . . 17.0% 34.0% 3.0% 36.0% 


Her systolic blood pressure then varied from 212 to 192, and her diastolic 
from 142 to 122 mm. Hg. 
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Cuart 5.—Showing course of Case 5. Notations same as Chart 1. 


The right kidney was removed on October 18. It was small (25 gm.), 
hypoplastic, scarred, and densely bound down by perirenal and peripelvic 
adhesions. There was a large aberrant artery entering the upper pole. 
Immediately following operation her blood pressure fell to almost normal 
levels, but one month later her systolic pressure, during rest in bed, varied 
from 200 to 170, her diastolic from 124 to 98 mm. Hg. There was no change 
in renal function. During the next 16 months her systolic pressure vari 
from 196 to 180, and her diastolic from 136 to 114 mm. Hg. She has com- 
plained of no symptoms. 

Anatomic Diagnosis of Kidney. Arteriolar sclerosis,’ moderate to severe; 
fibrosis of kidney; (?) chronic pyelonephritis, healed. 
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Comment on Case 5. Arterial hypertension was associated with 
a unilateral contracted kidney, which may have been the seat of 
chronic pyelonephritis sustained in childhood. Removal of this 
kidney resulted in a temporary fall in blood pressure. There was 
moderately advanced vascular disease in the affected kidney. The 
course of the disease does not appear to have been influenced. 


Case 6.—(Hosp. No. 10,523). G. R., a 33-year-old electrician, was 
known to have suffered from arterial hypertension for 3 years. His past 
history was uneventful. At the age of 28 his systolic pressure was 134 mm. 
Hg. and his diastolic 84; at 29, 138 and 90; at 30, 145 and 112; at 31, 138 and 
110. In April, 1938, at age 32, it varied from 170 to 182 systolic and 130 
to 144 mm. Hg. diastolic, and he was therefore, referred to this hospital 
(R. I. H.) complaining of daily headaches and excessive fatigue. 

On examination, there was little of importance to be made out. His 
ocular fundi were not remarkable. His systolic blood pressure was 192 mm. 
and his diastolic 138. He was admitted August 14, 1938. The vessels of 
the retina were then seen to be hazy and indistinct along their margins. 
Maximal specific gravity of the urine was 1.025, and there was moderate 
albuminuria and cylindruria. Pyelograms after intravenous injection 
demonstrated ptosis of the right kidney with slight hydronephrosis and 
angulation of the ureter; none of the radio-opaque medium was excreted by 
the left kidney. Cystoscopic examination was therefore performed on 
October 11, and retrograde pyelograms showed a huge hydro-ureter and 
hydronephrosis on the left, with constriction at the uretero-vesical junc- 
tion. Studies of the functions of the two kidneys were as follows: 

Right. Left. 
Phenol red excretion (36 min.) Aen -e 9.3% 0 
Clearance ofurea ..... . . . 50.0% 13% 


In the ocular fundi at this time were slight papilledema and definite peri- 
vasculitis without exudate or hemorrhage. The clearance of urea was 82% 
of normal. A reaction to cystoscopy ensued, with fever, pain, and colic 
on the left side, which he stated was similar to an attack suffered at the 
age of 14. He was therefore transferred to the Squier Urological Clinic 
where left nephrectomy was performed on October 24, 1938. The kidney 
was densely adherent to the surrounding structures and the large and small 
intestines were bound down to the region of the renal pelvis. There was 
marked multiple angulation of the upper third of the ureter, which was 
dilated, thickened, and covered with fibrous bands. His blood pressure fell 
immediately to normal levels and his convalescence was uneventful. During 
the next 16 months his systolic pressure varied between 150 and 130, and 
his diastolic between 100 and 90 mm. Hg. He has noticed complete disap- 
pearance of headaches, has gained 9 kg. in weight, and no longer com- 
plains of fatigue. 

Description of Specimen. The kidney weighed 60 gm. It was almost 
completely fibrotic. Very little renal tissue could be made out on gross 
inspection. The calyces were dilated and rounded, and the fibrous par- 
enchyma was thickened. On microscopic section, marked fibrosis was seen, 
with perivascular lymphocytic infiltration. In certain areas glomeruli 
appeared normal, but many were congested and in the region of the scars 
none could be seen. There were purulent casts in the few tubules visible. 
The vessels were only slightly thickened as regards their intima and media. 

Anatomic Diagnosis. Chronic pyelitis; hydronephrosis and hydro- 
ureter; fibrosis and atrophy; focal suppurative pyelonephritis; arteriolar 
sclerosis, minimal. 
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Comment on Case 6. Arterial hypertension was associated with 
advanced left hydronephrosis and hydro-ureter, with constriction 
at the uretero-vesical junction. There were also right nephroptosis, 
ureteral angulation, and slight hydronephrosis. Removal of the 
severely damaged kidney has resulted in a marked and sustained 
fall in blood pressure for a period of 16 months. The course of the 
disease has been unquestionably altered. Only minimal vascular 
disease was present in the kidney. 


Left 
nephrectomy 


Blood pressure 
Mm. Hg 


Fer cent of normal 


1.025 


Specific gravity 


Months 13 3 3 3637 40 42 44750 
Cuart 6.—Showing course of Case 6. Notations same as Chart 1. 


Case 7.—(Hosp. No. 10,475). A similar event was seen in M. A. 
a 20-year-old stenographer. At age 19, because of the complaint of in- 
creasing nervousness and palpitation following the death of her father, she 
was examined and her blood pressure was found elevated. She complained 
only of occasional headaches. 

In May, 1938, the ocular fundi showed haziness of the nasal margins of 
both optic disks. The heart was slightly enlarged. Renal function was 
normal. Her systolic pressure varied from 220 to 194, her diastolic from 
140 to 130 mm. Hg. Cystoscopic examination was performed; the left 
kidney was able to excrete 10.5% of the injected phenol red in 20 minutes, 
the right, only 0.8%. Retrograde pyelograms showed that the upper calyx 
of the right renal pelvis was blunted and club-shaped, and only two calyces 
were present. 

_ Cystoscopic examination was repeated in February, 1939, and the fune- 
tions of each kidney measured separately: ; 
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Right. Left. 


Phenol red excretion (30 min.) . . . . 0.5% 5.8% 


The total clearance of urea was 100% of normal, and maximal specific 
gravity of the urine was 1.032. Her blood pressure was at a slightly higher 
level. 

The right kidney was removed on March 24, 1939. It was found to be 
adherent to the surrounding tissues about its upper pole, which was scarred. 
Three months after operation her systolic pressure varied from 172 to 142 
and her diastolic from 96 to 80 mm. Hg, at which levels they have remained. 
Renal function has remained normal. The most marked change to be 
noticed was the diminution of emotional instability. Instead of being a 
tense, excited, hysterical, uncodperative individual, she had become quiet, 
apparently well-balanced, and moderately relaxed. This change of person- 
ality was noted immediately after operation and has persisted. 

Description of Specimen. The kidney weighed 70 gm. Its surface was 
smooth, but it was small and about the upper pole were two depressed 
sears. On microscopic section only a minimal amount of vascular disease 
was seen. There was some fibrosis of the parenchyma, but glomeruli and 
tubules were of a normal appearance. 

Anatomic Diagnosis. Hypoplasia of kidney; scarring of upper pole; 
arteriolar sclerosis, early. 
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Urea clearance 
Per cent of normal 


Specific gravity 


at 
Months 1 2 17 19 22 232426 27 


Cuart 7.—Showing course of Case 7. Notations same as Chart 1. 


Comment on Case 7. Arterial hypertension in a nervous young 
woman accompanied an undiagnosed condition of the right kidney. 
There was poor function of this kidney as compared with the left, 
and the renal pelvis was distorted. Removal of this kidney resulted 
in a lower level of blood pressure for 11 months. ; 

Discussion. It is clear from these cases that removal of a diseased 
kidney does not consistently alter the course of arterial hyperten- 
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sion in a favorable direction. Only 2 cases were strikingly improved. 
These results indicate: 1, that the injured kidney was not the sole 
source of hypertension; and, 2, that other factors may occasionally 
be less important than the renal one. In every instance, however, 
removal of a kidney was followed by lowering of the level of the 
blood pressure for periods of weeks or months. It is difficult to 
believe that any major surgical procedure would have produced 


TABLE 2.—SuMMARY OF Cases. 


Age at 
onset and Preop- | Postop- No. of Degree of 
duration Ocular | erative | erative | Last | mos. renal Remarks, 
Case |Name.| Sex.} previous | fundi.¢ | range of | range of |recorded | fol- Renal lesions. vascular 
No. to opera- B.P.t | B.P. 'w'd.§ disease. 
tion* 
(yrs.). 
1 |H.S.| @| 33 1 | Hem.+-+ | 210/130 | 244/140 | 138/80 8 | Lefthydronephrosis, | -+-+-+-+(L)| No improvement. 
Scar+ 180/120 | 200/130 pyelonephritis and +(R) Death from car- 
A-S+ calculus. Rt. hy- diac and renal 
dronephrosis and failure 
5 infection 
2 |B.W.| 9 21 8 | Scar+ 260/150 | 240/140 | 240/140 Left pyelonephritis | -+++-+(L)| No improvement. 
A-S+++] 210/120 | 170/120 ++-+(R) | Death from rena! 
failure 
3 |AL.| 9 24 5 | Scar+ 230/150 | 200/120 | 182/110 | 23 | Marked left hydro- a Somewhat im- 
A-S+ 196/126 | 120/80 nephrosis. Moder- proved. B. P. con- 
P-V+ ate right hydro- siderably lower for 
nephrosis, with 6 months 
ptosis 
4 |M.B. 9] 22 11 | A-S++ | 190/135 | 190/125-| 192/124 8 | Right ptosis andcon-| +++ No improvement 
170/100 | 180/120 tracted kidney 
5 | F.C <25> 1 | Normal 212/142 | 200/124 | 182/122 16 | ?rightpyelonephritis} +++ Sl. improvement in 
192/122 | 140/90 level of B. P. 
6 |G.R.| 30 24) Pap.+ 212/150 | 150/10 | 132/90 16 | Marked left hydro- + Considerable _im- 
P-V+ 190/138 | 120/80 nephrosis and hy- provement 
dro-ureter. Slight 
rt. hydronephrosis 
and ptosis 
7 |M.AJ Q 19 14 | Norma! 240/150 | 150/100 | 150/100 | 11 | ? right pyelonephritis + Improvement to 
194/120 | 120/90 present time 


* i, e, of hypertension. 
+ Hem. = hemorrhage; Scar. = scarring; A-S = arteriosclerosis; P-V = perivasculitis; Pap. = papilledema. 
t Figures indicate average levels of blood pressure during a period of several days; single high or low readings are not noted. Upper 
figure is highest level; lower figure, lowest level maintained under observation. 
§ Since operation. 


this result, since in some cases the improvement was prolonged, 
and in one instance (Case 3) operation of a much more extensive 
nature (partial gastrectomy) was followed by a rise in blood pressure. 
Some change in the pathologic physiology of the circulation occurs 
after nephrectomy, which we believe is due to removal of one factor 
at least causing hypertension. 

All kidneys removed from these patients showed, in addition to a 
variety of lesions, inflammatory and non-inflammatory, varying 
degrees of arterial and arteriolar sclerosis. An attempt to grade 
the degree of vascular disease (Table 2) indicates that the least 
amount was found in those cases in which the best results were noted 
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(Cases 6 and 7). It is not certain, however, that the degree of vas- 
cular disease in one kidney is the same as that in the other, there 
being a marked difference in Case 1. With the exception of Case 3, 
in which there was prolonged but temporary improvement, favorable 
results appeared proportional to the amount of disease of the renal 
arteries. 

Further evidence that renal lesions are not the sole cause of arterial 
hypertension is their presence when the arterial pressure is not ele- 
vated. Some other factor beside these lesions contributes to the 
genesis of hypertension. In addition, continuance of the elevated 
blood pressure after removal of the affected kidney may be explained 
by the part vascular or other disease in the remaining kidney plays. 
The 2 patients who have died exhibited pyelonephritis as well as 
vascular lesions. Recent investigation in rats has shown that vas- 
cular disease in the unaffected kidney follows partial constriction 
of one renal artery,"* and Goldblatt’? has demonstrated its presence 
in other organs after bilateral arterial constriction. The patho- 
genesis of arteriolar sclerosis in the kidneys of human beings re- 
mains, however, unsettled. The occurrence of this lesion in almost 
all cases of “essential” hypertension” is nevertheless well recognized. 
It is still uncertain whether arteriolar disease is secondary to the 
renal lesion in cases similar to these, although animal experiments 
suggest such a relation. 

From this study it is obvious that removal of a diseased kidney 
is not to be regarded as a procedure from which relief of hyperten- 
sion can be expected to occur in all or in many cases. If arteriolar 
disease is secondary to the renal lesion or to hypertension and serves 
to maintain an elevated blood pressure which was initiated in the 
first place by a renal lesion, it would appear possible sometimes to 
obtain improvement by nephrectomy. A successful result might be 
expected if the lesion were confined to one kidney, and if arteriolar 
sclerosis of the other kidney had not progressed to an irreversible 
degree. 

We suggest therefore the following criteria for selection of cases 
suitable for this form of therapy: 

1. The onset of arterial hypertension should be known to have 
occurred recently. We place the time arbitrarily at 2 years. 

2. The renal lesion should be confined to one kidney and should 
be of such a nature that diminution of function has occurred in that 
kidney. 

3. Renal functions, as measured by the ability of both kidneys to 
concentrate urine and by the test of the clearance of urea, should be 
within normal limits. 

4. Retinitis should be absent, and changes in the caliber of the 
vessels of the retina minimal. 

5. Arterial pressure should be persistently elevated. 

These criteria were followed only in Case 7, the others having 
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exhibited either bilateral disease, hypertension of long duration, 
or some diminution of renal function. Unless suitable cases are 
selected, many kidneys may needlessly be removed (as in Cases 1, 
2, and 4) without benefit. This experience has served to suggest 
that patients in whom long standing hypertension is present, or in 
whom a so-called “malignant” course has commenced are not good 
subjects for this form of therapy. 

Summary and Conclusions. Seven patients exhibiting arterial 
hypertension associated with organic renal disease have been sub- 
jected to nephrectomy. ‘Two were markedly improved, and 2 
slightly improved, but all remain actually or potentially hyper- 
tensive. 

This form of therapy may prove of benefit, but, it seems, only in 
patients in whom the existence of hypertension is of short duration 
and in whom arteriolar sclerosis of the other kidney is not advanced. 
Its use is limited, therefore, to a small number of individuals. 
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THE ROLE OF THE KIDNEY IN THE PATHOGENESIS OF 
ARTERIAL HYPERTENSION. 


By E. Dicker, M.D., 


BRUSSELS, BELGIUM. 


(From the Medical Department of the Brugmann Hospital.) 


In the light of the experimental results obtained by Goldblatt 
and and other who 
have succeeded in demonstrating the probable part played by renal 
ischemia in hypertension, I wish to report in some detail the history 
of 2 patients recently observed. 


Case 1.—Gil. M., female, aged 30, was admitted to the hospital on 
Jan. 13, 1938, with almost total anuria, lumbar and polyarticular pains, 
severe headache and poor general condition. A week before, following an 
abortionist’s manipulation, she had a temperature of 102° F. and general- 
ized jaundice. Since then, had violent pains in the region of the kidneys 
and scarcely urinated any more. In the clinical examination, the pertinent 
findings were: a pale face and very dry lips; normal heart action; blood 
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pressure was 112/55; pulse 80 and regular; the breathing was irregular, 
reminiscent of the Cheyne-Stokes type, but the lungs were normal; ocular 
fundi were normal. The clinical examination revealed nothing significant, 
but the analysis of blood and urine was diagnostic. 

Analysis of blood showed: urea, 456 mg.; chlorine, 255 mg.; calcium, 
7.96 mg.; uric acid, 23.9 mg.; and CO, combining power, 25.1 vols. per 100 cc. 
of plasma; red corpuscles, 1,460,000; white corpuscles, 6400; hemoglobin, 
25%. Urine analysis: dilute and contained only 1090 mg. urea, and 40 mg. 
chlorides per 100 ce. 

The tests for renal function showed significant impairment; Ambard, 

= 1.630 (4.3% of normal); Van Slyke, C = 1.900 (3.6% of normal); 
Rehberg, F = 9.760 cc. per minute. 

The intradermal injection of a drop of histamine and of acetyl-choline 
gave rise to normal zones of erythema (35 cm.? and 21 cm.?), and the dermo- 
graphic latency period was normal (5 seconds). 

To sum up, the patient, from an undetermined toxic cause, showed an 
almost complete abolition of renal secretion with enormous nitrogen reten- 
tion, marked anemia, but no hypertension. 

Ten days after admission, the azotemia was still very high; the highest 
level of urea reached during this period was 527 mg. The output of urine 
gradually increased to well above 1000 cc. in 24 hours, but without any 
improvement in the concentration, which remained, on the whole, com- 
parable to what it was at the beginning. Four days later, tests for renal 
function showed very slight improvement. 

The striking thing is that, in spite of the intense and prolonged nitrogen 
retention, the arterial pressure showed no tendency to rise; it remained at 
115/55. Correspondingly, the zones of erythema following the intradermal 
injection of a drop of histamine or of acetyl-choline remained normal, and 
the period of dermographic latency remained at 5 seconds. 

Slowly the patient’s condition improved. About a month after her admis- 
sion, N.P.N. was 30 mg., and Ca was 10.2 mg. per 100 cc. of plasma, but 
uric acid remained high, 11 mg. per 100 cc. The anemia slowly improved; 
red corpuscles, 2,880,000 per cm. Eventually, the urinary secretion also 
improved; about 2000 cc. in 24 hours, and the concentration was better. 
At this time renal function tests showed: Ambard, K = 0.140 (50% of 
normal); Van Slyke, C = 27.07 (37% of normal); Rehberg, F = 74 cc. 

In this condition the patient left the hospital at the end of 7 weeks. She 
has been seen periodically, and the improvement has continued, but ex- 
tremely slowly. Altogether, 6 months were necessary to restore her health. 
At the present time, 7. e., after 12 months, the function of the kidneys has 
become completely normal. The arterial pressure, which did not vary 
during the whole course of the nephropathy, remains low, at about 120/55. 
The anemia has entirely disappeared. 

Case 2.—Pi. A., female, aged 28, was admitted to the hospital on Dec. 
21, 1937, for palpitation of the heart that occurred after the least effort. 
This condition, which dated back 2 years and began after an attack of 
scarlet fever, prevented the patient from doing work. A physician, con- . 
sulted a year ago, is said to have found albuminuria in very slight quantities 
and prescribed an appropriate regimen with rest. Suddenly, 2 months 
before admission, during the night, there occurred an attack of suffocation 
and anxiety which lasted, according to the patient’s statement, several 
hours. This recurred, always in the night. For 2 months there was also 
frequent migraine, accompanied by black scotomata and noises in the ears. 

The patient lay calmly in bed, showing neither cyanosis nor any trace of 
edema. The heart, on percussion, was slightly enlarged. On auscultation, 
a gallop rhythm and metallic second sound were heard. The pulse was 
tense, arterial pressure high, 220/142. The examination of the abdomen 
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and of the nervous system revealed no abnormality. The ophthalmoscopic 
examination showed old scars of exudative retinitis and abnormally con- 
tracted arteries. 

Analysis of the blood showed: urea, 25 mg.; calcium, 10 mg.; glucose 
98 mg.; uric acid, 3.8 mg.; cholesterol, 142 mg.; and CO, combining power, 
52 vol. per 100 ce. of plasma. Urine: no albumin, no sugar and microscopic 
= examination negative. Renal function tests: Ambard, K = 0.0520 (134% 
of normal); Van Slyke, C = 123% of normal; Rehberg, F = 165 cc. per 
minute. Reactions of the peripheral vessels: dermographic latency period, 
2 to 3 seconds; areas of erythema, to histamine, 21 cm.*, and to acetyl- 
choline, 13 cm.? 

This condition remained without appreciable change during the whole 
period of her 6 weeks’ stay in the hospital. Arterial pressure remained 
unchanged at a high level; signs of vascular spasm were always present, 
and renal function remained excellent. The patient was seen again 10 
months later in a state of obvious physical distress. There was marked 
emaciation. On the body were seen purpuric spots and numerous ecchy- 
moses. The heart beat was forcible and irregular. Arterial pressure was 
235/162. There was no visible edema. The lungs were full of rdles, due to 
stasis, and there were numerous transient crises of acute edema of the lungs. 
The urine contained minute traces of albumin; the microscopic examination 
showed numerous white corpuscles, some red corpuscles, and rarely, some 
casts. 

The renal function tests were still within the limits of normal. The blood 
analysis, however, showed a slight increase of uric acid, 5.9 mg. per 100 cc.; 
whereas the N.P.N. remained about normal, 34 mg. per 100 cc. The blood 
count revealed a marked anemia, 2,100,000 red corpuscles. The alkali 
reserve was low, 38 vol. CO, per 100 cc. 

Investigations of the state of vasoconstriction of the peripheral vessels 
showed: dermographic latency period, 2 to 3 seconds; areas of erythema, 
to histamine, 16 cm.?, and to acetyl-choline, 10 cm.? 

We then lost sight of this patient. 


To sum up, then, we observed on the one hand a patient, who, 
after an intoxication of undetermined origin, had cessation of renal 
excretory function, without hypertension, and, on the other hand, 
a patient who, secondarily to scarlet fever, showed marked hyper- 
tension without, for a long time, any accompanying signs of renal 
excretory insufficiency. 

Discussion. These 2 cases raise a number of problems that ° 
cannot be discussed within the limits of this paper. Only the blood 
pressure will be discussed. The problem is why the first of these 
patients, with marked renal excretory insufficiency, did not have 
hypertension, whereas the other, despite normal renal excretory 
function, did show a rise of blood pressure. 

According to old ideas, the first patient, who showed an enormous 
nitrogen retention, should have had hypertension. In fact, a glance 
at the principal classifications of nephropathies reveals that dimin- 
ution of urinary secretion and nitrogen retention develop, as a 
general rule, hand in hand with hypertension. This idea, however, 
is in contradiction with a series of experimental results. Neither 
the removal of both kidneys, nor the total ligature of both renal 
pedicles, nor the anastomosis end to end of a ureter and an iliac vein, 


DICKER: PATHOGENESIS OF ARTERIAL HYPERTENSION 619 


all of which produce marked nitrogen retention, causes any appreci- 
able rise of arterial pressure.” °!?4«!8 As for the hypertension 
observed after occlusion of both ureters,*://:!23 it seems that it is 
in no way due to the retention of products of metabolism. There- 
fore, one may conclude that whatever the cause of nitrogen reten- 
tion may be, the latter is not able to raise the arterial pressure. 
What then are the necessary and sufficient conditions for the 
development of persistent hypertension? We know that in the 
course of hypertensive nephritis, malignant hypertension and angio- 
nephrosclerosis, the power of the peripheral vessels to dilate in 
response to histamine® and acetyl-choline is diminished,**¢-“.° and 
that this peripheral vasoconstriction is not pathognomonic only 
of rises of arterial pressure accompanying kidney disease, but that 
it exists also in the course of transient diseases (scarlet fever, strepto- 
coccal tonsillitis) in the absence of any impairment of renal excretory 
function.***¢ Simultaneously with a diminution in the power of 
dilatation, it can be shown, in these circumstances, that there is an 
increase of vascular tonus,”* and, as Kylin’’ demonstrated long 
ago, an increase of pressure in the capillaries. This triad of vaso- 
constrictional symptoms is the expression of a spastic state of the 
peripheral vessels. 
But what is the determining factor in this spasm? Goldblatt 
and his collaborators’*~**" produced chronic renal ischemia by 
constricting the main renal arteries with silver clamps, and found 
that the hypertension that followed could be independent of any 
significant impairment of renal excretory function and varied in 
proportion to the degree of the constriction. Only when the con- 
striction of the renal arteries was very great did uremia develop. 
These excellent experiments of the American investigators, which 
have been repeated and verified many times by numerous authors, 
have cast a fresh light upon the pathogenesis of the hypertension 
accompanying diseases of the kidneys. These experiments have 
shown that for the kidney to be able to produce and maintain 
hypertension it is necessary and sufficient that its circulation be 
reduced. It has been shown in various ways*i?:47-415¢.5.16 that this 
type of hypertension is not of nervous origin, but rather the result 
of a humoral mechanism. It is very likely that as a consequence 
of the slowing up of the irrigation of the kidney with blood, certain 
chemical processes of disintegration or of synthesis are no longer 
carried to their normally harmless conclusion, and that the decrease 
of combustion gives rise to products which, reabsorbed. by the cir- 
culation, act directly or indirectly upon the peripheral vessels. For 
example, the ischemic kidney does not possess the same power of 
hydrolyzing saccharose or of reducing methylene blue or other 
dyestuffs at a corresponding pH (Dicker*/, and it is at least possible 
that this diminution in the power of hydrolysis and reduction may 
be the source of production of substances which, when absorbed 
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by the blood stream, may, directly or indirectly, cause a generalized 
vasoconstriction. 

If this view be correct, that the kidney is an organ capable of 
producing hypertension without any accompanying significant 
alteration of its excretory functions, we must henceforth separate 
the hypertension observed in the course of certain nephropathies 
from other functional renal lesions, and regard the problem of the 
hypertension accompanying nephritis as being the result of altera- 
tion of functions that are independent of those involved in the 
elaboration of urine. At the same time, we should be able to under- 
stand why hydronephrosis or pyonephrosis, with or without in- 
creased azotemia, may develop without an accompanying rise of 
arterial pressure, unless, as is frequently the case, the kidney is also 
the seat of vascular disease. 

By applying these ideas to the histories of our 2 patients, we can 
understand at once why the first patient, who had virtual cessation 
of renal excretory function, with enormous concomitant azotemia, 
did not suffer from hypertension, whereas the other, in whom all 
the renal excretory functional tests were normal, showed an appre- 
ciable rise of arterial pressure. 

The first, indeed, showed no signs of peripheral vasoconstriction. 
One can, without much risk of being mistaken, assert that whatever 
the toxic agent was that had caused the abolition of urinary secre- 
tion, it did not at any time reduce the normal irrigation of the kid- 
neys with blood. 

In the other patient, on the contrary, it is the peripheral vascular 
spasm which dominated the picture. The probability is great, 
although not actually proved in this case, that the kidneys were the 
seat of arteriolar disease. 

These 2 cases demonstrate that the hypothesis that nitrogen 
retention is a cause of hypertension is untenable and indicate that 
the diminution of renal irrigation with blood is a sufficient condi- 
tion to cause and maintain hypertension. 

Conclusion. For the kidneys to be able to cause hypertension 
their circulation must be restricted; all the other renal and urinary 
manifestations are secondary, independent and incapable of playing 
a part in the production and maintenance of the hypertension. 
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ESSENTIAL HYPERTENSION. 


A COMPARISON OF THE HYPERTENSIVE AND NON-HYPERTENSIVE 
PHASES FOLLOWING CORONARY THROMBOSIS. 


By Harry Gross, M.D., 
ADJUNCT PHYSICIAN, MEDICAL DIVISION, 
AND 
Hyman ENGELBERG, M.D., 


MEMBER, RESIDENT STAFF, MEDICAL DIVISION, 
NEW YORK CITY. 


(From the Medical Division of the Montefiore Hospital.) 


It has been generally accepted that in the hypertrophied heart 
not resulting from primary valvular, deficiency or kidney disease, 
hypertension is the major, if not the sole cause of cardiac enlarge- 
ment.? The association of hypertension with coronary disease is 
well known. Furthermore, the chronic phase of congestive heart 
failure of all types usually occurs in the end-stage of cardiac hyper- 
trophy.’ If hypertension is so frequently associated with coronary 
disease and is the cause of cardiac hypertrophy, the question arises 
whether a fall in blood pressure following coronary thrombosis 
might not exert a beneficial effect on the subsequent course of the 
disease, especially if it could be established that the blood pressure 
remained low for years following such a vascular accident. 


Method. In order to establish the effect of either a restoration or a 
permanent drop in blood pressure following coronary occlusion, 100 hyper- 
tensive cases were reviewed at postmortem. Only known hypertensive cases 
were chosen in which the existence of previous coronary thrombosis and 
myocardial infarction were confirmed by necropsy. The rdle of the blood 
pressure on the subsequent course of coronary disease, heart weight and 
heart failure was studied. Only those in which the blood pressure was fre- 
quently observed for at least 1 year prior to death were included since 
isolated blood pressure readings have little significance. Those associated 
with chronic disease like tuberculosis or malignancy were eliminated so as 
to obtain as clear a picture as possible of the effect of a fall or persistence 
of hypertension following coronary occlusion. The use of stringent criteria 
unfortunately narrowed down the material to a relatively small number of 
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cases. It is to be emphasized that due to the type of patient admitted to 
the hospital, the material does not represent a survey of hypertension but 
of advanced heart disease associated in the majority of instances with 
chronic congestive heart failure. 

Findings. ‘There were 31 females and 69 males. The average 
age at death of the males was 59.6 years; of the females, 62.3 years. 

In 44 cases it was possible to determine the exact date of the acute 
coronary thrombosis either from a definite clinical course indicative 
of such an episode or from permanent electrocardiographic changes. 
In 19 of these persistent hypertension recurred within several 
months. In 15, the blood pressure remained permanently low sub- 
sequently, and in 10 the blood pressure varied. Listed chronologi- 
cally as to duration of life following acute coronary thrombosis there 


were. 
Up to 6 months , 6 2 to 3 years 5 
6 to 12 months ; t 3 to 5 years Ss 
2 to 24 months — 15 More than 5 years 6 


The longest duration of life was 9 years. 

In 56, no exact date of a coronary occlusion could be determined. 
In many of these, anginal pain was present anywhere from several 
months to 20 years. Though the diagnosis was often suspected, 
unless the clinical or cardiographic picture was clear the case was 
not put in the group of clinically diagnosed acute coronary occlusions. 

It is interesting to note that in 25 cases there was no history of 
any cardiac pain, similar to the cases of silent coronary thrombosis 
reported in the literature." 

In 24, a terminal acute coronary thrombosis was found frequentl) 
as the cause of death or responsible for rapidly progressing terminal 
failure. All had previous old occlusions. In addition, 21 patients 
died very quickly. Many of these had the picture of an acute 
coronary occlusion which was, however, only found at necropsy in 
4 cases. The others were instances of what Levy and Bruenn” 
called acute coronary insufficiency. Since some patients with the 
picture of an acute coronary closure at necropsy had no recent 
coronary occlusion, and others with no symptoms had coronary 
disease, the necessity of studying postmortem material is apparent. 

Chronic congestive heart failure was present in 90 cases. In 24, 
failure occurred directly following an acute coronary thrombosis 
that was diagnosed. 

Duration of failure in chronic obstructive coronary disease: 


Up to6 months . 7 
6 to 12 months 7 
30 


a 
VW 
b 
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Failure lasted approximately as long in the group in which an exact 
date of an acute occlusion was available as in that which the time of 


the \ 


‘ascular lesion could not be fixed. 


TABLE 1.—RELATION OF BLoop PressurRE TO HEART FaILuRE 
AND WeIGcHT oF HEART. 
Date of acute coronary occlusion Date of acute coronar 
wr unknow! 
Weight of heart in grams 
Dura 
failure Persi I Persis Persiste 
tent Ww Varied tent low Va Average 
! t | hyper blood 
te pre tension. pressur 
‘ 47 400 640 600 280 22 
TOO 180) 580) 630 
H50 
t 00) 760 70 $50 620 
40) 10 150 600 600 S50 560 
650 SOO 500 600 
600 400 670 500 
630 680 550 
430 470 
2 t ears 630 400 430 600 
620 570 925 
S00 700 
410 650 
1650 530 
$20) 
Over 3 vears 550 S40) 420) 450 
470 740 620 600 580 583 
500 590 700 530 550 
550 680 THO 470 800 
540 580 550 
500 
400 
100 
Average weight . 558 599 58 7 


In Table 


an attempt has been made to study the effect of the 


factor of blood pressure on the course of congestive heart failure, 


and of both these factors on the heart weight at postmortem. 


The 


cases in which a date of an acute coronary occlusion was known, as 
well as those in which it was not known, were divided according to 


whether hypertension persisted, remained low or varied. 


tered little whether the blood pressure was high, low, 


No essential difference 
patients. 


was noted 


It mat- 
varied. 


in the subsequent course of the 


The duration of life similarly did not seem to be dependent upon 
the course of blood pressure following the acute occlusion as will 
be observed from the following table: 


TaBLe 2.—Dvuration or LonGevity To Lever or BLoop PRrEessuRE FOLLOWING 
CORONARY CLOSURE. 
High. Low. Varied. 
Up to 1 year 3 4 3 
1 to 2 years 6 2 4 
2 to 3 years 5 3 1 
Over 3 years 5 4 2 
19 13 10 
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In 2, the dates of the acute closure could not definitely be deter- 
mined. These are left out of the above tabulation. The longest 
duration of life was 9 years. In this case the blood pressure was 
persistently elevated. 

As may be observed from Table 1 neither the level of blood pres- 
sure following coronary occlusion nor the duration of congestive 
heart failure materially affected the heart weight at necropsy. It 
is evident, then, that no exact correlation is possible between the 
duration of failure and heart weight except that failure occurred 
in the enlarged heart. 

TaBLe 3.—Causes OF DEATH. 
Cases. 
Progressive heart failure 41 Uremia 
Terminal acute coronary closure 24 Mesenteric thrombosis 


Cerebral thrombosis r Pulmonary infarct 
Cerebral hemorrhage . l Acute coronary insufficiency 


In the 24 cases of terminal acute coronary occlusion the course 
of blood pressure was known for at least 1 year prior to death. 
Fifteen had hypertension which persisted until the final closure, 
7 had low blood pressure for months prior to closure, and in 2 the 
blood pressure had varied in the preceding year. Apparently, the 
blood pressure was not causally related to the terminal acute throm- 
bosis. We cannot say, however, what the blood pressure was in the 
few days or hours preceding occlusion. 

Discussion. We felt it necessary to study only the material in 
which coronary closure could be confirmed by necropsy. It is im- 
possible to differentiate clinically many cases of acute coronary 
insufficiency from anatomical coronary occlusion, since electrocar- 
diographic changes typical of coronary thrombosis may occur with 
short anginal seizures. On the other hand, instances of silent coro- 
nary occlusion are not infrequent. All the cases had advanced coro- 
nary arteriosclerosis and thrombosis, myocardial infarction and car- 
diac hypertrophy secondary to hypertension of varying duration. 
The use of postmortem material also afforded us the opportunit) 
of studying the exact heart weight. 

It has been shown’ that in coronary thrombosis the incidence 
of antecedent hypertension may be as high as 90%. The asso- 
ciated cardiac hypertrophy is evidently due to hypertension. 
Advanced coronary disease and myocardial infarction may, how- 
ever, occur in normal-sized hearts.'' The distinguishing feature 
between cases with and without hypertension is that in those with- 
out hypertension the hearts are small. Local impairment of nutri- 
tion of the heart sufficient to cause infarction could on physiological 
grounds be looked upon as adequate cause of cardiac hypertrophy, 
but clinically does not occur in our experience. Since hypertension 
may permanently fall following coronary occlusion, or disappear 
for many years, or only be suspected from the associated renal or 
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fundus changes, it may be said that the hypertrophied hearts so 
commonly observed to be associated with chronic coronary artery 
disease is with few exceptions due to antecedent hypertension. 

In the material studied, hypertension was established in every 
instance. ‘The degree of cardiac hypertrophy did not parallel the 
duration or severity of high blood pressure. In some instances, 
despite severe hypertension of long duration, cardiac hypertrophy 
was not great. In a number, heart weight was at or below 400 gm. 
Since additional factors besides increased diastolic tension and 
augmented peripheral resistance play a réle in the genesis of cardiac 
hypertrophy, the occurrence of hypertension of long duration with 
hearts of normal size is not surprising. 

Ninety per cent of our cases had congestive failure. Such a 
marked proportion of failure is due to the fact that this hospital 
has an unusually large number of chronically ill cardiac patients 
in its wards. Failure was as severe in the group in which an exact 
date of coronary occlusion was known as in that in which it could 
not be determined. The course of chronic artery disease is natur- 
ally the same whether the date of occlusion is known or not. Further- 
more, failure was as severe and as long in duration in the patients 
in whom the blood pressure fell to normal as in those in whom high 
blood pressure persisted. ‘The heart weights were roughly the same 
in both groups regardless of the duration of failure. Evidently it 
was not the persistence of hypertension that caused the heart to 
go into failure in one group and not in another, but the big heart 
which failed in both. Irrespective of the severity of the vessel and 
muscle damage the common background of congestive heart failure 
in this material as in failure of all types is cardiac enlargement. 

Palmer" was of the opinion that the prognosis was better in hyper- 
tensive cases in whom, following coronary occlusion, blood pressure 
returned to a high level. This view is not supported by our observa- 
tions since we found that a restoration of hypertension did not 
adversely or beneficially affect the life span of the patients. Simi- 
larly, a persistently low blood pressure following coronary occlusion 
also neither adversely nor beneficially affected the clinical course 
of the patients. 

The discrepancy between the cases in which hypertension re- 
curred and those in which it did not is more apparent than real. 
Hwpertension of long duration was present in both groups prior to 
the acute occlusion and caused the hearts to undergo varying but 
fairly marked degrees of cardiac enlargement. Vascular and myo- 
cardial damage were as severe in the one as in the other group. Both 
suffered from a primary impairment of nutrition due to coronary 
disease, and both suffered from a secondary impairment of nutri- 
tion due to cardiac hypertrophy. It has been shown® that in the 
thickened fiber the capillary bed is diffused over a greater area than 
in the normal, that the blood supply varies inversely as the square 
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of the distance from the capillary,’ and that the pulse rate is not 
slowed in proportion to the degree of increased fiber size. ' 

The blood pressure shows marked variations with many factors 
and for long periods of time. It is also accepted that the blood 
pressure is not directly related to the functional capacity of the 
heart but is due solely to the peripheral resistance. Low blood 
pressure may be found with good cardiac function; high blood pres- 
sure may be found with marked failure as the heart for a long time 
overcomes the increased load. 

To maintain the circulation, the heart must itself obtain ample 
blood. The blood supply to the heart depends upon many mechan- 
ical, humoral, and reflex factors. Normally, the heart is supplied 
chiefly during diastole, systole being of lesser importance. In- 
creased systolic and diastolic blood pressure according to Gregg‘ 
augment coronary flow during acute hypertension; Kountz,* how- 
ever, has recently shown that in the hypertrophied or dilated heart 
the major portion of coronary flow occurs during systole when the 
heart approximates its normal diastolic volume. In hypertrophied 
hearts, increase in systolic perfusion pressure corresponding to hyper- 
tension, did not augment coronary flow. Increasing dilatation pro- 
gressively reduced coronary inflow. 

In the patients in whom there was a restoration of hypertension 
the heart had to work against increased peripheral resistance, 
whereas when there was no such restoration, the cardiac load was 
less. If hypertension increases coronary flow one would expect a 
beneficial effect in such cases. Such benefit might be lost in the 
patients in a permanent drop of blood pressure but there is less work 
for the heart. The enlarged heart, however, requires the increased 
coronary flow associated with hypertension. On the other hand, 
the observations of Kountz would negate the views that the restora- 
tion of hypertension is beneficial by causing an increase in coronar) 
flow. 

In our patients, whether the high blood pressure recurred or not 
following coronary occlusion, the terminal heart weight, duration 
of heart failure, and the duration of life were the same. It appears 
to us that in the enlarged heart with preéxisting extensive vascular 
and myocardial damage, the nutrition to the heart itself is of greater 
importance in maintaining cardiac efficiency than the load the heart 
has to bear. The frequency with which a small vessel closure 
produces permanent congestive failure in a large but not in a smal! 
heart. and the number of cases of congestive failure associated at 
necropsy with a terminal small coronary occlusion attest to this 
fact. The occurrence of acute failure following a slight increase of 
the pulse rate in a hypertrophied heart is additional proof. 

It is not possible to state why persistent hypertension which is 
so great a burden to the heart should, when it recurs following 
coronary occlusion in the enlarged heart, neither hasten further 
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myocardial damage nor failure. It is felt that in the presence of 
marked coronary disease, cardiac hypertrophy, and infarction the 
damage has been done and is the same whether high blood pressure 
recurs or not. Evidently physiological adjustments in coronary flow 
in both groups lead to the same natural course. 

Summary and Conclusions. |. An analysis is presented of 100 
autopsied cases of hypertension and severe coronary artery disease 
studied for the effect of the blood pressure on the subsequent course. 
All the cases had cardiac hypertrophy and marked myocardial 
damage. 

2. Ninety cases had chronic congestive heart failure. The high 
incidence of heart failure is partly due to the type of patient ad- 
mitted to Montefiore Hospital. The onset of heart failure frequently 
followed an acute coronary occlusion. This occurrence was so strik- 
ing that in cases of chronic coronary sclerosis when heart failure 
begins rather abruptly a silent coronary occlusion should be sus- 
pected. 

3. There were 24 cases with terminal acute coronary closure and 
in these the course of blood pressure was known for at least 1 year 
prior to death. Fifteen had hypertension persisting up to the final 
closure, 7 had low blood pressure for several months prior to the 
closure and in 2 the blood pressure varied in the preceding year. 

!. Analysis of the course of blood pressure subsequent to acute 
coronary occlusion was made. Eighteen cases had persistent hyper- 
tension (after recovery from the initial drop), 12 had permanently 
low blood pressure, and in 10 the pressure varied. The same varia- 
tions in the course of hypertension occurred when no acute occlusion 
could be diagnosed clinically with certainty. 

5. Twenty-one of the 100 cases died suddenly. Many of these 
had the clinical picture of acute coronary thrombosis but in only 
four of this group was a terminal closure found following coronary 
thrombosis. 

6. The subsequent blood pressure in hypertensive cases following 
coronary thrombosis had no effect on longevity, or on the occurrence, 
severity and duration of heart failure. Neither was there a definite 
relation between the course of blood pressure and the heart weight 
and the duration of failure. Physiological factors undoubtedly 
play a role in adjusting the work of the heart to a restoration or a 
permanent fall in the blood pressure. These factors have been 
discussed. 

We wish to acknowledge our indebtedness to Mr. Herbert H. Marks of the Statis- 
tical Division of the Metropolitan Life Insurance Company for help with the statis- 
tical part of this work. 
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(From the Department of Internal Medicine, University of Michigan Medical School, 
University Hospital 

LURING the past few vears it has become apparent that the sudden 
occlusion of a large coronary artery is not always associated with 
the pain which commonly characterizes this accident. Obrastzow 
and Straschesko,!® who first recognized coronary occlusion as a 
clinical and pathologic entity, emphasized the occurrence of three 
groups of symptoms: “status anginosus,”’ or retrosternal pain often 
radiating to the left arm; “status gastralgicus,”’ or pressure in the 
epigastrium; and “status dysnepticus,”’ or dyspnea and respirator) 
irregularities. ‘The work of Herrick’ is mainly responsible for the 
great advances in the recognition and treatment of this disorder 
which have taken place in America during the last quarter of a 
century. In his original communication he made the interesting 
suggestion that sudden coronary occlusion due to thrombosis may 
result in more profound symptoms than gradual arteriosclerotic 
occlusion. He mentioned no cases of his own in which pain had 
been absent, but noted that other authors had reported cases of 
this kind; 

In the numerous reports of small and large series of cases ot 
coronary occlusion that have been published, the incidence of 
painless occlusion has varied greatly (Table 1). Some authors 
have included in the painless group all cases in which the patient 
did not use the term pain in describing his symptoms, even thoug) 
“precordial discomfort,’ “precordial distress,’ or “a sense of con- 
striction in the chest” did occur. Other authors have considered 
sensations of this kind as equivalent to pain and have defined pain- 
less coronary occlusion in such a way as to exclude all cases in 
which they occurred. Some authors have included in the painles- 
group cases in which the patient had experienced transient angina! 
pain of the type which occurs in angina of effort, but no prolonged 
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pain of the sort usually considered characteristic of coronary occlu- 
sion and in which there were no dramatic symptoms at the time 
when, judging from the postmortem findings, the coronary occlu- 
sion was thought to have occurred. The number of cases of painless 
coronary occlusion encountered obviously depends upon how the 
term painle ss is defined and upon the care with which the history 
is taken. Furthermore, there is often great difficulty in differ- 
entiating the pain of angina pectoris and that of coronary occlusion. 


| INCIDENCE OF PAINLESS MyocaRpDIAL INFARCTION AS PREVIOUSLY 
REPORTED. 
Inciden 
of le 
Au 7 t %. Ren 
Boyd 127 34 
Bruenn 31 61 
Davis® : 50 53 cases reported; 11 died suddenly (not 
included here 
Gorham and Martin LOO ee “Vague discomfort or a sense of pressur: 
or constriction in the chest was not 
recorded as pain’’; 19% of painless 
group had preceding angina 
Kennedy 
tecent infarctions U6 8.3 1% painless, 4% showed discomfort 
All postmortem material and infarcts 
classified as old and recent greater or 
less than 8 weeks’ duration). 
Old infarctions 102 5.2 22.5% painless; 13.7% discomfort 
Levine and Brown‘ 1 is Postmortem cases. Some histories inad- 
equate 
Masters? 35 60 Postoperative occlusions. Narcotics and 
postoperative condition may have ob- 
scured pain in some cases. 
Saphir"! 34 38 Congestive failure, etc., might explain 


absence of pain in some cases. 


The wide diversity of incidence of painless coronary occlusion 
in the series of cases of this disorder reported in the literature 
prompted us to study 375 cases of coronary occlusion observed 
this hospital. 


ae. We have examined all of the case histories accumulated in 

» past 6 years at this hospital in which coronary occlusion appears among 
the final diagnoses. After discarding those cases in which the diagnosis 
did not seem to us to be substantiated by the clinical findings, 375 cases 
remained. In 67 of these 375 cases the diagnosis of coronary occlusion had 
been recorded with a question mark, because the clinician in charge of the 
patient felt that there was some uncertainty as to its correctness. However, 
n careful examination of the histories of the cases included here, we felt 
that the symptomatology, physical, laboratory and electrocardiographic 
findings, although not pathognomonic of coronary occlusion, strongly sup- 
ported that diagnosis. Of these 375 cases there were 32 (approximately 
S.5%) which we classified as definitely painless. Because the great majority 
patients seen in the hospital come from a distance, a relatively smaller 
percentage of those with coronary occlusion are seen immediately following 
the accident than would be the case in a hospital of similar size located in 
large city. A large proportion of the patients are sent to the hospital 
the family physician who is more likely to refer patients in which the 
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diagnosis is in doubt than cases in which it is obvious. It would seem that 
both of these factors would tend to make the incidence of painless coronary 
occlusion in our series too high rather than too low. 

Our series includes cases from all the different services in the hospital, 
but the vast majority are from the Medical Service. Those patients 
admitted to other services were seen by one of the senior members of the 
Medical Staff. In examining the case histories of hospitalized patients, 
we reviewed not only the complete typewritten history taken by the intern 
but also the admission note made by the resident physician and the addi- 
tional notes made by staff members. In the case of out-patients, the 
histories were taken by one of the instructors of the department, or by a 
senior member of the staff. 

At this hospital, electrocardiograms are taken in practically all cases in 
which heart disease is known or thought to be present. It is probable, 
therefore, that comparatively few cases of coronary occlusion escaped detec- 
tion because of the atypical symptomatology. In some instances, electro- 
cardiograms taken elsewhere during the acute phases of the patient’s illness 
were examined. 

Criteria. All electrocardiograms were interpreted by one of the 
permanent staff members of the Cardiology Service. On the basis 
of electrocardiographic and necropsy findings, we have divided our 
cases of painless coronary occlusion into two groups. Group | 
includes 17 cases in which the autopsy findings, the electrocardio- 
graphic findings, or both, left no doubt as to the correctness of the 
diagnosis of myocardial infarction. The electrocardiographic ab- 
normalities occurring in this group include significant transient 
S.T. displacement and progressive T-wave inversion of the coron- 
ary type, often associated with prominent @-waves in the standard 
limb leads or similar changes in chest leads. Group II includes 
15 eases in which the electrocardiograms were thought to be com- 
patible with but not diagnostic of myocardial infarction. The 
electrocardiographic changes — red significant in the light of 
the clinical findings were A-JV’ or intraventricular heart block, and 
abnormally prominent -eiliny in Lead I or in Leads IT and III. 
We have separated these two groups so that we might base our 
final conclusions on the cases of Group I in which the diagnosis 
could be made with certainty. We have included the cases of 
Group II to meet the objection that too rigid electrocardiographic 
criteria may eliminate varieties of coronary occlusion which do 
not produce pathognomonic electrocardiographic changes. We 
realize that some of the electrocardiographic findings in this group 
may not have been due to myocardial infarction. Nevertheless, 
these findings in association with a strongly suggestive clinical 
history greatly support the view that the cases of this group should 
be regarded as highly probable examples of painless myocardial 
infarction. Our series of cases of painless coronary occlusion 
includes no instance in which the electrocardiogram was negative 
It includes no instance in which there was precordial or substerna! 
pain with or without radiation or in which the patient experienced 
substernal oppression, burning or constriction or precordial dis 
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comfort. We also excluded from this series all cases in which there 
was upper abdominal pain or distress associated with cardiac dys- 
function. In brief, we excluded all cases in which the diagnosis 
of coronary occlusion was suggested by symptoms of an “ anginal”’ 
character. It has been postulated’ that gradual arteriosclerotic 
narrowing of a coronary artery is less likely to produce pain than 
sudden thrombotic occlusion. If such be the case, one would expect 
the symptoms of painless arteriosclerotic occlusion to be less 
dramatic than the non-painful features of sudden myocardial 
infarction. Levine and Brown,’ however, have shown that sudden 
coronary occlusion may occur without pain. Hence gradual nar- 
rowing of the coronary arteries without thrombosis is not a neces- 
sary concomitant in the painless cases. Saphir et al." and Levine 
and Brown’ have also emphasized the observation that myocardial 
infarction, even when associated with mural thrombi, may be present 
when the coronary arteries are narrowed but not completely 
occluded. 

Discussion. ‘The 17 cases placed in Group I, which includes the 
unquestionable examples of painless coronary occlusion, comprise 
1.5% of the group of 375 cases of coronary occlusion studied. 
The age of the patients placed in this group ranged from 33 to 
83 vears. The mean age was 60.1 years. The ratio of males to 
females was 1.8 tol. Twelve (71%) of this group had at one time 
or another a systolic blood pressure above 150 mm. of mercury, 
a diastolic pressure above 100 mm. of mercury, or both. In the 
series of 343 cases in which pain was a prominent symptom of 
coronary occlusion, the ratio of males to females was 3.57 to 1, 
but there was no other significant difference between this group and 
the smaller group in which coronary occlusion was painless. By 
electrocardiographic or necropsy evidence, 6 of the painless 17 
infarctions were anterior, 9 were posterior and 2 had infarction of 
both anterior and posterior myocardial walls. 


TABLE 2.—SymptToms OF PAINLess MyocarpbIAL INFARCTIONS. 
(Basep ON Cases oF Group I.) 


Cases, 
Sudden nausea or vomiting 5 
Vertigo 3 
Hemiparesis 1 


The incidence of the more important symptoms which occurred in 
the painless group (Group I) is given in Table 2. Dyspnea was 
the most frequent symptom and it occurred in 8 cases. Other 
prominent symptoms were sudden nausea and vomiting (5 cases), 
‘fainting or collapse (4 cases) and dizziness (3 cases). Hemiparesis 
occurred in 1 instance. In 4 cases no history of dramatic symp- 
toms of any kind could be elicited. In some cases two or more 
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symptoms were present. The cases of this group are summarized 


in Table 3. 

It will be noted that the incidence of painless myocardial infare- 
tion in our series of cases is approximately the same as in the series 
of cases of recent infarction reported by Kennedy.’ Four per cent 
of his cases of recent infarction were painless. Kennedy considered 
the infarction as recent when the lesion indicated that it was less 
than 8 weeks in duration. It should be mentioned that in recent 
infarction the electrocardiographic changes are more likely to be 
pathognomonie than in infarction of much longer duration. 


TABLE 3.—SUMMARY OF PaINLESS Cases OF Group I. (D1aGNosis PosirTIve. 


Patient. Age. Sex. Symptoms referable to occlusion. Blood pressure Location of infarct 
389927 5 M 
339255 3 M 
348880 M 


352665 M 


Anterior (EKG 

Ant. (EKG 

Both (EKG and P.M.* 
P.M 


Sudden dizziness, ataxia, vomiting 
Sudden dizziness, collapse 

Gradual dyspnea 

Progressive dyspnea, sudden dizz { Posterior 
ness and collapse 

EKG 
EKG 
P.M 
EKG 


378961 5 F Ni 
393277 } M N 
393538 7 M Sudden dyspnea 
406087 M 


) symptoms 55/72 Post 
) Symptoms 


Vomiting and collapse 


130113 
415029 
415878 
417748 
419935 
421257 

22726 
426313 
416911 


M 
M 
M 
F 
F 
M 


Progressive dyspnea 
Sudden dyspnea 
No symptoms 
Fainting, vomiting 
Gradual weaknes 


Hemiparesis, vomiting 


Sudden dyspnea, cyano 


No symptoms 
Sudden vomiting 


neé 


160/90 
245/145 
170/114 
105/75 
240/155 
210/120 
140/90 
100/70 


155/100 


EKG 
EKG 
EKG 
EKG 
P.M 
EKG) 
P.M 
EKG 
(P.M 


* P.M. = 


Postmortem examination. 


It is probable, therefore, that most of the cases of myocardial 
infarction placed in Group I were examples of recent infarction. 
In many instances the lack of dramatic symptoms made it im- 


possible to determine the age of the infarct. In comparing our 
series of cases with those that have been reported by others, several 
factors which may affect the incidence of painless coronary occlu- 
sion should be borne in mind. The more carefully the history is 
taken, the more frequently will painful features come to light. 
A patient partially narcotized because of a recent operation or 
because of cardiac failure would be less likely to experience pain 
following coronary occlusion than one who was mentally alert 
We wish to emphasize that we have excluded from our painless 
group all cases in which “anginal” distress of any type occurred 
Unfortunately, none of our patients were subjected to the Libman 
test of sensitivity to pain. 

Typical examples of the cases included in Group I are as follows: 

Case Abstracts. Casr 1.—W. L., No. 389927, a 59-year-old white male, 
dentist, was admitted, Sept. 25, 1936. Three weeks prior to admission 
while working in his yard, he suddenly became very dizzy, following whic! 
he was ataxic and subsequently vomited severely for 1 hour. Three day: 
prior to admission he had a similar attack and vomited for 6 to 8 hours 
Again there was ataxia. Since then he had felt indisposed but with n« 


W 
M 
J. 8. 
I. 
C.R 
0.8 
D. B. 
L. B 53 Post 
B. O. 37 Post 
B.C 48 Post 
W. 47 Post 
S.M 33 ea Bot 
E. 54 Post 
F.\ 61 Ant 
M.C 56 Ant 
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specific complaints. Throughout, there had been no abdominal pain or 
cardiac symptoms. Blood pressure, 150/94. Heart was not enlarged but 
sounds were distant. 

Electrocardiogram Sept. 25 showed left axis deviation with prominent 
(-waves in Leads I and II. There was small notched QRS complexes in 
Lead Il. Repeat electrocardiogram on Oct. 12, 1936, revealed similar 
findings. R-waves were absent and 7-waves sharply inverted in chest 
leads V; and Vy. W-shaped complexes and sharply inverted 7-waves were 
present in chest lead V;. Repeat chest leads, Jan. 5, 1937, showed partial 
regression of the 7-wave inversion. 

He had another attack of severe dizziness followed by signs and symp- 
toms of a right hemiparesis which cleared up slowly. On Jan. 5, 1937, his 
heart was enlarged, the blood pressure was 140/90, and there was slight 
ankle edema. 

This patient presented positive electrocardiographic changes of anterior 
infarction, marked by sudden dizziness, ataxia and vomiting, but no pain. 

Case 2.—D. B., No. 406087, white male, aged 80, was admitted July 17, 
1937. Three days prior to admission, on the evening following a picnic, 
he became nauseated and vomited once. He was seen promptly by an 
internist who was unable to elicit any history of pain. His pulse at that 
time was 42, blood pressure 160 systolic. Nausea and vomiting persisted. 
The morning of July 17, on arising, he suddenly collapsed but was not 
unconscious and experienced no pain. Examination on admission revealed 
a blood pressure of 88/58, pulse 32, respiration 28. He was very cyanotic 
The heart was enlarged but there were no murmurs. The lung fields 
showed bilateral basilar rales. His pulse changed to 52 with bigeminy, 
later to 78 with gross irregularity. Blood pressure later was 106/72. He 
developed urinary retention followed by an elevation of the non-protein 
nitrogen. Pulse rate increased progressively to 100-120, still grossly irregular. 

Electrocardiogram July 18, 1937, showed complete A-V block, auricular 
rate 86, ventricular rate 33 and elevation of the ST segment in Leads II 
and III. This tracing was repeated July 20 and on this occasion it showed 
auricular fibrillation with a rate of 78. There were small QRS groups in 
Lead IT and large Q-waves. Large Q-waves were present in Lead III with 
elevation of the ST segment in Leads II and III. T-waves were inverted 
in Lead I only. The white blood cell count on two occasions was 15,000 
and 37,000. Temperature slowly rose to 101° and later his respirations 
ceased. Postmortem examination was refused. 

The electrocardiogram was considered diagnostic of a very recent poste- 
rior myocardial infarction. This probably occurred as a painless episode 
3 days prior to admission. 

The 15 cases which we have placed in Group II (the cases of 
probable coronary occlusion in which no pain occurred) comprise 
1°, of the total number of 375 cases of coronary occlusion studied. 
These cases are summarized in Table 4. In 5 instances there were 
no dramatic symptoms and the electrocardiogram was not pathog- 
nomonic. It was therefore not possible to estimate the age of the 
infarct if such were present. As in Group I, the sudden onset of 
dyspnea was the most frequent symptom, being present in 8 of 
the 15 cases. In this Group II, the ages ranged from 37 to 78 years 
with a mean age of 60.2. The ratio of males to female was 2.75 to 1. 
In 10 of the 15 cases (67%) there was a systolic blood pressure above 
150 mm. of mercury, a diastolic blood pressure above 100 mm. of 
mercury or both. 
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TABLE 4.—SuMMARY OF PAINLESS Cases oF Group II (D1aGnosis PROBABLE.) 


Patient. Age. Sex. Symptoms referable to occlusion. Blood pressure. EKG changes.* 
325587 8 ) No symptoms 130/95 Q:, Qs 
330307 45 } Sudden onset of nocturnal dyspnea 188/142 Compl. A-V block 
335364 5: } Sudden dyspnea 130/90 Serial T; changes 
Qi present 
iS. 353249 K } Sudden dyspnea 166/68 Compl. left bundle branch 
block 
. 382184 : } Sudden dyspnea and weakness 110/7100 Serial T; changes 
386508 . Sudden severe cough 140/70 Qe, Qs 
383824 f } Nocturnal dyspnea 160/88 Change from normal EKG to 
incomp! left bundle 
branch block 
391447 5 } Sudden severe weakness, fatigue, 160/120 Large Qs 
fall in blood pressure 
. 412705 ° No symptoms 240/140 Large Qi, Qe, Qs 
417292 } Sudden dyspnea 160/110 Intravent. and A-V_ block 
changing to auric. fibrilla- 
tion with intravent. block 
419998 ) Sudden dyspnea, weakness 150/100 Intravent. block with broad 
Qs; 
350524 ; No symptoms 170/90 Partial A-V and left bundle 
bragch block 
427418 5 } No symptoms 114/76 Large Q:, Qs with inverted T 
430058 7 } Sudden dyspnea 154/90 Prominent Q:, Qs; inverted 
Tz, Ts 
F. B. 387798 No symptoms 186/98 Qs, Qs 
* Qi, Q and Q; refer to the presence of prominent Q waves respectively in standard limb Leads I, II or III 
T wave changes are similarly designated. 


Typical examples of the cases included in this group are as 
follows: 


Case Abstracts. Case 3.—F. F., No. 330307, aged 45, white male, was 
admitted Feb. 15, 1934, complaining of shortness of breath. In 1919, he 
developed dyspnea and was told he had a leakage of the heart. Later he 
was completely asymptomatic until June, 1933, when he developed par- 
oxysmal nocturnal dyspnea and ease of fatigue, becoming progressively 
worse. In November he developed edema and ascites and was put to bed 
for 2 weeks with improvement. Four weeks prior to admission he experi- 
enced recurrence of dyspnea and edema. 

Examination showed cyanosis and Cheyne-Stokes respirations. There 
were moist rales throughout both lung fields with enlargement of the heart, 
and a regular rate of 44 per minute. Blood pressure 188/142. There was 
ascites and some liver enlargement. Electrocardiogram of Feb. 15 showed 
complete A—-V heart block with abnormal ventricular complex; auricular 
rate 97, ventricular rate 53. He was digitalized. 

On the evening of his fourth hospital day he complained of pain under 
the upper part of the sternum, radiating into the neck. Later he cried out 
with a very sharp severe pain under the sternum and died a few minutes 
later. Autopsy was not obtained. 

Presumably this was a case of painless infarction resulting in A—V heart 
block, and a terminal painful occlusion. 

Case 4.—No. 335364, white male, aged 58, was admitted May 7, 1934. 
There were no cardiac symptoms until 2} months prior to admission when 
he suddenly experienced intense shortness of breath for a few minutes. He 
walked upstairs and collapsed; his brother, a physician, noticed that he 
was quite pale, covered with a cold perspiration, and pulseless. On auscul- 
tation the heart beat was quite faint. Systolic blood pressure was 110 to 
112 mm. Hg 3 hour later. He had no pain. The next day he felt entirely 
well, although his temperature rose to 99.5° to 100.5° for several days 
Prior to the attack his systolic blood pressure had been 126 to 128 mm. He. 
Subsequently he felt well. 
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Examination was negative. Blood pressure 130/90. Serial electrocardio- 
grams provided by the local physician showed 7-wave changes in Lead I 
and a smali Q-wave in Lead I which were suspicious but not diagnostic of 
infarction. Chest leads on May 7 were negative. 

The clinical history was that of coronary occlusion supported by an 
electrocardiogram which was compatible but not diagnostic. There was 
no pain. 

Conclusions. 1. In a study of 375 cases of myocardial infarction 
in which the diagnosis was based on the clinical features, electro- 
cardiographic findings, and available necropsy material, there were 
17 instances (4.5%) of undoubted coronary occlusion in which no 
pain, substernal pressure, or other “anginal’’ symptoms had oc- 
curred at any time. 

2. There were 15 additional cases (4%) in which there had been 
no pain or anginal symptoms and in which the presence of myo- 
cardial infarction was strongly suspected even though the electro- 
cardiographic findings were not pathognomonic. In our opinion 
painless coronary occlusion is, therefore, relatively uncommon. 

3. Among the symptoms which occurred at the time of the 
accident in the group of 17 undoubted cases, the most common were 
dyspnea, nausea and vomiting, dizziness and fainting or collapse. 

The authors wish to express their appreciation of the kind assistance and sugges- 
tions given by Dr. Frank N. Wilson and Dr. Franklin D. Johnston in the preparation 
of this paper. 
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THE ETIOLOGY OF IDIOPATHIC PNEUMOTHORAX. 
By J. Lorce, M.D.,* 


ASSISTANT PHYSICIAN, RUTLAND STATE SANATORIUM, RUTLAND, MASS.; ASSOCIATE IN 
MEDICINE, ST. VINCENT HOSPITAL, WORCESTER, MASS., 
RUTLAND, MASS. 


(From the Rhode Island Hospital.) 


In the older literature spontaneous pneumothorax was described 
as invariably caused by rupture of a tuberculous focus or some other 
destructive process of the lung into the pleural cavity. More 
recently, however, it was noted that the lungs after reéxpansion 
may be entirely free of demonstrable disease in many of these cases. 
They were designated as “idiopathic pneumothorax.” Kjaergaard,° 


* Formerly Resident Cardiologist, Rhode Island Hospital, Providence, R. I. 
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who proposed the term “pneumothorax simplex” (1932) for those 
cases of pneumothorax in which no apparent cause could be recog- 
nized, gave as etiologic factors rupture of blebs near a pulmonary 
scar, or of an emphysematous bleb. In some of his cases, a bleb at 
the surface of the lung could be diagnosed by Roentgen ray films, 
but in the majority no blebs could be demonstrated. Castex and 
Mazzei! reported 12 cases of spontaneous pneumothorax in which 
the rupture of bullae appeared to be the cause. In 3 of these, pleural 
blebs were demonstrable. The writers state that all patients were 
males, 22 to 30 years of age. Gordon*® reported 5 cases referable to 
emphysematous or other blebs which were demonstrable on the 
films. 

The presence of emphysematous and other blebs of the pleura 
is now thought to be the cause for the occurrence of idiopathic 
pneumothorax. Kirshner,‘ however, in 1938 has called attention 
to the fact that the disease will “occur in young people who rarely 
show emphysema and spare the aged in whom emphysema is fairly 
common.” He also advanced evidence that idiopathic pneumo- 
thorax may be the result of ‘‘a congenital pleural defect or an ac- 
quired pleural defect with a congenital anlage,” and that the forma- 
tion of pleural blebs may be a secondary manifestation of a primaril) 
weakened pleura. The cases reported below invite similar specula- 
tions in support of Kirshner’s conception and strongly suggest that 
in the idiopathic form of spontaneous pneumothorax we are dealing 
with a primary constitutional inferiority of the pleural structure. 

Case Abstracts.* Cask 1.—Patient was admitted on May 15, 1936, 
having had for 10 days dyspnea and dull pain in the left axilla and below 
the sternum. The symptoms gradually decreased in intensity, and on 
admission patient was practically symptom-free. The past and family 
histories were irrelevant. There was no contact with tuberculosis. The 
physical examination was not remarkable except for the findings in the 
chest. The right lung was normal, but on the left expansion was decreased, 
the vocal sounds were metallic, there was hyperresonance and the breath 
sounds were barely audible. There were no rales. The heart was normal 
as to the position, size, sounds and rhythm, the blood pressure 130/90. 
Roentgen ray showed complete collapse of the left lung with no fluid or 
adhesions, and the mediastinum in the middle. Blood and urine showed 
no abnormality. The sputum was negative for tubercle bacilli. The EKG 
showed only respiratory arrhythmia. The tuberculin test was positive 
1 to 10,000. Patient was afebrile throughout. The left lung gradually 
reéxpanded within 75 days and was then clear on physical and Roentgen 
ray examinations. 

Case 2.—This patient developed sudden pain throughout his right 
chest and dyspnea when he was running to catch a street car. On the fol- 
lowing day, Sept. 18, 1939, he was admitted, 20 hours after the onset of 
symptoms. Family and past histories were not remarkable. There was 
no contact with tuberculosis. The physical examination was normal 
except for the findings in the chest. On the right side which was hyper- 

* Cases 1 to 4 were studied at the Rhode Island Hospital; Cases 5 to 6 by Dr. J. J 
Dumphy, and at the St. Vincent Hospital; Cases 7 to 9 at the Rutland State 
Sanatorium. 
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resonant, expansion, vocal fremitus, breath sounds and rales were absent. 
The left lung was normal. The heart was normal except for a soft systolic 
murmur at the apex, the blood pressure was 90/65. Roentgen ray revealed 
a normal left lung field and complete collapse of the right lung, with no 
fluid or adhesions, and the trachea was in the midline. Blood and urine were 
normal except for a leukocytosis of 12,850 (normal differential count) on 
admission. The scanty sputum was negative for tubercle bacilli. The 
tuberculin test was positive 1 to 1000. Electrocardiogram showed right axis 
deviation on the day of admission, but a normal axis on later tracings. 
Patient was soon afebrile and symptom-free. Reéxpansion took place 
within 41 days after which both lungs remained clear. 

Case 3.—Patient had been in good health until 2 months ago when he 
had pain in the left anterior chest for 24 hours. Six weeks later he fell on 
his back but suffered no apparent injury. In the morning of the day of 
admission he experienced a sudden pain over the whole chest and particu- 
larly the precordium, radiating into back and left shoulder, but worked 
until the afternoon when he became pale and breathless. On admission, 
June 27, 1936, he was evidently in shock. Physical examination revealed 
absence of vocal fremitus and breath sounds with hyperresonance over the 
upper, and dullness over the lower, halves on the left. The heart was pushed 
to the right, and there was a systolic murmur at the apex. Films revealed 
complete collapse of the left lung with a fluid level at the fourth rib and 
heart and mediastinum displaced into the right side. The EKG showed 
a slight depression of ST2. An exploratory aspiration on the left revealed 
pure blood. Pulse and blood pressure could barely be registered. Patient 
remained in shock and died 6 hours after admission. 

Autopsy (Dr. Egoville). When the left pleural cavity was opened, 
air escaped under positive pressure. The left pleural cavity contained 
about 3000 ec. of liquid blood and a few clots. The left lung was completely 
collapsed. The right pleural cavity contained no blood, and the lung was 
free of adhesions. The mediastinum was pushed to the right so that the 
apex of the heart rested beneath the sternum. There was no free blood in 
the mediastinum. The heart was normal. At the apex of the collapsed 
left lung there was slight scarring and a few emphysematous bullx, but 
the pleural surface was everywhere intact. No bleeding point was dis- 
covered. The cut surface was elastic and retractile. The pulmonary 
arteries showed no abnormality. The right lung showed also a slight amount 
of apical scarring but was not otherwise remarkable. 

Case 4.—Patient was admitted on March 30, 1936, with complaints 
if stabbing pain in the left chest and dyspnea on exertion of about 2 
months’ duration. He could not recall any injury. The family and past 
histories were negative. Heart and electrocardiogram were normal; blood 
pressure 116/78. However, expansion, vocal fremitus and breath sound 
over the left hemithorax were diminished and there were dullness and a 
succussion splash at the base with hyperresonance above. The findings 
over the right hemithorax were normal. Roentgen rays showed consider- 
able collapse of the left lung, with fluid covering the diaphragmatic dome 
and some shifting of the mediastinum to the right. There was a leuko- 
cytosis of 14,500, and 10,200 after 5 days (normal differential count). Other- 
wise blood and urine were normal. During the first 3 days the fluid in- 
creased, was aspirated and did not recur. The specimen was straw-colored 
and sterile on culture and guinea-pig inoculation. Patient remained well 
ind was discharged after 23 days of hospitalization, still with a partial 
pneumothorax. His left lung reéxpanded within the following 2 months, 
and his chest was then entirely clear. 

Case 5.—Five hours before admission, Feb. 15, 1938, patient was sud- 
denly seized by severe pain in the right chest and shoulder, and dyspnea, 
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when driving a car. The family history was negative. He had scarlet fever 
and 2 pneumonias in childhood and an appendectomy 5 years ago. The 
essential features of the physical examinations were confined to the chest; 
the heart revealed normal rhythm, size and sounds; the blood pressure 
was 102/64. The right hemithorax showed restricted expansion, absent 
vocal fremitus and breath sounds, and hyperresonance on percussion. The 
left side was normal. On Roentgen ray there was complete collapse of the 
right lung which was seen as a round small shadow in the region of the right 
hilus and no fluid. The left lung was normal. Blood and urine were normal 
except for an initial leukocytosis of 11,300 (normal differential count). 
The sputum was persistently negative for tubercle bacilli. Patient was 
afebrile throughout and symptom-free from the third day. His right lung 
reéxpanded within about 1 month, after which there was no evidence of 
pulmonary disease. He has occasionally been seen later on and remained in 
good health. 

Case 6.—This patient, seen on Oct. 4, 1934, complained of a dull ache 
in the left chest and dyspnea. These symptoms had suddenly started 
shortly ago when patient was blowing a trumpet. He was little concerned 
because he had experienced similar attacks twice within the previous 2 
years, once on strain during defecation and once on inflating a toy balloon. 
Each time he became symptom-free within 1 week. The family history 
was negative. He had influenza in 1918 and a tonsillar abscess in 1930. 
The size, rhythm, and sounds of the heart were normal; blood pressure 
140/80 on the first day and 120/80 later on. There were hyperresonance 
and absent vocal fremitus and breath sounds on the left, and normal find- 
ings on the right. On Roentgen ray there was about 50°; collapse of the 
left lung, evenly distributed, and no fluid or adhesions. Blood and urine 
were normal. Patient was afebrile throughout and became symptom-free 
within 1 week. Full reéxpansion of his left lung was noted 28 days after 
onset. The lung fields were then clear and patient remained well. 

CasE 7.—Patient had always been in good health, except for frequent 
colds in the past two winters, the last one early in January, 1935. Other- 
wise the family and past histories were negative. On Jan. 23, 1935, he 
experienced blood-stained vomiting, and a sudden sharp pain in the right 
chest, followed by dyspnea. Diagnosed as having a duodenal ulcer, he 
responded to ulcer diet elsewhere. Simultaneously he had suffered almost 
complete spontaneous pneumothorax on the right without effusion. On 
admission, Mar. 26, 1935, physical examination revealed no remarkable 
findings except in the chest: There were hyperresonance and absence of 
breath sounds over the upper parts of the right hemithorax. The lower 
half of this side, the left lung, heart and blood pressure were normal. Roent- 
gen ray revealed a small residual pneumothorax at the right top. Other- 
wise the lung fields appeared clear on both sides except for accentuated 
hilus markings. Blood and urine were normal except for a leukocytosis 
of 12,500 (normal differential count). Daily sputum examinations were 
negative for tubercle bacilli. Patient was afebrile and symptom-free 
throughout. His right lung reéxpanded within 5 months and remained 
clear. 

Case 8.—Patient had been in excellent health until a month before 
admission, when, without recognizable reason, he suffered a right spon- 
taneous pneumothorax with sharp pain in the chest and dyspnea for 2 
days. His mother had died of tuberculosis when he was 5 years old. Physi- 
cal examination revealed expansion, vocal fremitus, and breath sounds dimin- 
ished and the percussion note hyperresonant, over the right hemithorax. 
The left hemithorax and the heart were normal; blood pressure 118/70 
Roentgen ray revealed a residual collapse on the right, about 30% in extent 
evenly distributed, with no adhesions or fluid. The left lung field was cleat 
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Blood and urine were normal. No sputum could be obtained. Fifty-two 
days after admission, 7. e., about 2} months after onset, the right lung had 
fully reéxpanded. Patient was transferred to another sanatorium and 
observed at yearly intervals. His lungs remained always clear. 

Case 9.—This young man is a waiter in the physicians’ dining room of 
the institution since February, 1939. His family and past histories, physical 
examination, and Roentgen rays had been found negative. On Aug. 23, 
1939, after playing baseball and taking a cold shower, he experienced sud- 
den onset of pain in the right chest and dyspnea. He was immediately 
admitted as a patient. Physical examination revealed the cardinal signs 
of pneumothorax on the right. The left lung, heart, and blood pressure 
were normal. Roentgen rays showed about 50% of collapse of the right 
lung, evenly distributed, without fluid or adhesions. The left lung was 
clear. Blood and urine were normal, and sputum was not obtained. On 
the basis of the characteristic findings as discussed later, a diagnosis of 
idiopathic pneumothorax was made. Patient was symptom-free on the 
following day and permitted to resume work with his right lung still col- 
lapsed. It reéxpanded within 30 days. Patient is now in good health 
(November, 1939) and his chest films show no evidence of disease. 


TABLE 1.—DatTa ON THE 9 CASES. 
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in days. 
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No 


No 


No 
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Discussion. All of the preceding cases suffered one or more attacks 
of spontaneous pneumothorax precipitated by petty causes or no 
evident causes at all. Case 3 terminated fatally by hemopneumo- 
thorax. The other 8 patients were clinically well after the collapsed 
lung had reéxpanded, and no tuberculosis or any other lesion within 
the lung parenchyma could be demonstrated. The age incidence 
is striking. None of the 9 patients was beyond 46, 7 were below 35, 
t below 25. The age average is 29. Similar observations were made 
by Kirshner as well as Mazzei and Castex. This obvious incidence 
of the disease among the young should exclude pulmonary emphy- 
sema as an etiologic factor. Emphysema is a disease of older life, 
and will rarely cause collapse of the affected lung. Furthermore, 
in reviewing the literature, one is impressed by the tremendous 
predominance of the disease in the male sex. Its occurrence in 
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women may indeed be considered as an exception. All our 9 cases 
were males. Age and sex incidence thus suggest a constitutional 
factor. 

It has been observed that in the majority of cases complete col- 
lapse is the rule. This is explained by the obvious absence of adhe- 
sions between the parietal and visceral pleural leaves. It is indeed 
surprising that one should not more frequently encounter pleural 
adhesions which might have been produced by previous incidental 
infections, tuberculous first infections, or simply protective reac- 
tions preliminary to the present perforation of the pleura, whatever 
its cause may be. At least 8 of our 9 cases showed complete collapse 
of the affected lung, and no adhesions were demonstrable. The 
one remaining case (Case 4) which came to observation several 
weeks after onset, showed a considerable degree of reéxpansion, 
thus making it impossible to decide whether adhesions had been 
present or not. This is the same case in which fluid had developed 
within the pleural cavity, and it is in this point that this case again 
distinguishes itself from the others in which absence of adhesions 
and fluid are the predominant features. The one case which ter- 
minated by hemo-pneumothorax cannot be considered from this 
angle. We would expect that the mechanical insult of a pleural 
perforation and sudden collapse of the lung would normally be 
answered by the production of an effusion, even without the factor 
of pleural infection. The fact that in the majority of our cases 
evidence of effusion remained entirely wanting again suggests func- 
tional impairment of the pleura. 

Considering the sluggishness of the pleural response, it is not 
surprising that repeated collapse of the same lung should be en- 
countered. Such cases are frequently met with in the literature. 
Watson and Robertson® reported 3 cases of recurrent spontaneous 
collapse of the lung. Case 6 of our series presents a typical ex- 
ample. It is a well known fact that in collapse of the lung, spon- 
taneous or artificial, the pleural leaves tend to become adherent to 
each other after reéxpansion has taken place. Yet this does not 
seem to be so in cases of idiopathic pneumothorax. Idiopathic 
pneumothorax is thus apt to appear in the form of recurrent pneu- 
mothorax. 

A major argument in favor of idiopathic pneumothorax as a 
constitutional disease is derived from the observation of familial 
occurrence. Larsen® mentions spontaneous collapse in two brothers 
who were apparently well otherwise. Willis® reports on 2 cases, 
and G@tzsche*® on 5 cases of idiopathic pneumothorax within the 
same family. In our series we have not had the opportunity of 
registering a case of familial pneumothorax. LeWald’ and Larsen® 
commented on the duration of time required for the collapsed lung 
to reéxpand and found it to be unduly long, ranging from 6 to over 
12 months. Normally, in the absence of manifest pulmonary dis- 
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ease or pleural effusion, we would expect the affected lung to re- 
expand in about 4 to 8 weeks. Persisting perforation can be dis- 
missed in the face of partial and gradual reéxpansion. There is 
reason to suspect a functionally inadequate rate of absorption for 
air of the pleura in the cases under consideration. LeWald bases 
his observations on 2 and Larsen on 7 cases. In the average of our 
cases, however, reéxpansion was usually accomplished within or 
slightly beyond 2 months. 

Summary and Conclusion. ‘The etiology of idiopathic pneumo- 
thorax is brought into relation with the following factors: 

1. Age incidence, usually below 40. 
2. Sex distribution, practically always male. 
3. Adhesions, usually absent. 

1. Fluid, usually absent. 

5. Frequently recurrent pneumothorax. 

Familial occurrence. 

7. Possibly slow reéxpansion rate. 

Emphysema should be dismissed as an etiologic factor in idio- 
pathic pneumothorax. Individual blebs of the pleura may be pres- 
ent. If so, they are likely to be caused by traction on a primarily 
weakened pleura as suggested by Kirshner and in the light of the 
presented evidence. The primary cause of the idiopathic pneumo- 
thorax is to be sought in a constitutional inferiority of the pleural 
structure. 

The author is indebted to Dr. Frank T. Fulton of Providence, R.I., Dr. John J 
Dumphy of Worcester, Mass., and Dr. Ernest B. Emerson, of Rutland, Mass., for 
their valuable coéperation. 
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In the present communication are reported certain observations 
concerning the frequently ruptured branch of the pulmonary artery, 
which appears to be the source of fatal hemoptysis. 
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Material. Between 1934 and 1939, 246 cases of pulmonary tuberculosis, 
some of which had anthracosilicosis, came to necropsy at the Laboratory 
of Pathology of the White Haven Sanatorium. Of this number, 12 died 
of massive hemoptysis. The study is based upon the clinical, pathologic 
and postmortem roentgenologic observations of these cases. 

Method. In every case a postmortem roentgenogram of the chest was 
made before the necropsy. The lungs and heart were removed in one mass. 
Through a catheter inserted into the conus arteriosus, 300 to 400 ee. of 
50% barium sulphate suspended in water were injected into the pulmonary 
arterial system. A ligature was tied around the conus arteriosus to prevent 
a possible back-flow of the barium into the heart. After the arteries were 
injected, air was pumped into the bronchial tree in order to inflate the lungs, 
particularly the cavities. Then the specimen was laid on a casette con- 
taining an ordinary Roentgen film and an exposure was made using these 
factors: 100 prereading kilovolts, 75 milliamperes, 5/20 second exposure 
time and a distance of 4 feet. In 3 cases the pulmonary arteries were 
injected using the same amount of barium, but with the lungs in situ. 
This procedure was accomplished by inserting a catheter into the conus 
arteriosus through an incision made on the right ventricle. A ligature was 
tied around the conus arteriosus. In order to expose the right ventricle 
for the above procedure small segments of the 3d, 4th and 5th costal car- 
tilages were removed just lateral to the left border of the sternum. Having 
injected the arteries, the subject was tied to the casette changer with the 
back toward the tube and stereoscopic plates were exposed, using the 
following factors: 150 prereading kilovolts, 75 milliamperes and 5/20 second 
exposure time at a distance of 5 feet. 


Findings. (See Table 1.) Of the 12 cases studied, the ruptured 
vessel was discovered in 10. In 2, although the ruptured vessel 
could not be definitely identified, it was reasonably certain that it 
was in the cavity in the upper lobe which contained blood clots. 
In 6, the ruptured vessel was on the right side and in 4, on the left. 
In 10 the source of hemorrhage was in the upper lobe and in 2 in 
the lower lobe. In all the ruptured artery was located within a 
cavity and the point of rupture was on the medial aspect of the 
cavity. In 5, the ruptured vessel assumed the shape of so-called 
Rasmussen's aneurysm. In all the source of hemorrhage was the 
perforation of the blind pouch of the pulmonary artery embedded 
in the medial part of the cavity wall. In none was the hemorrhage 
the result of a break of a cord-like structure so often found crossing 
the tuberculous cavity. In all the tuberculosis was chronic with 
considerable fibrosis. Pulmonary fibrosis was particularly marked 
in 5 cases in which there was anthracosilicosis as well as tuberculosis. 
In 11 the fatal hemoptysis occurred while the patients were in bed. 
In 1, it came while walking. 

The postmortem arteriograms (Figs. 1 and 2) showed that the 
most frequently involved artery in the series studied was the first 
branch of the pulmonary artery which extended upward into the 
upper portion of the upper lobe. The arteriograms of the cases 
with the lungs in situ (Fig. 3) showed that the first branch of the 
pulmonary artery lies approximately at the level of the second cos- 
tal cartilage slightly medial to the parasternal line. The cord-like 
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Fic. 2A.—Case 10. Arrows indicate lower border of cavity at second rib anterior|s 
Fic. 2B.—Same case. Arrow indicates aneurysmal dilatation of stump of first 
branch of pulmonary artery and its point of rupture 
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Fic. 3.—Pulmonary arteriogram with lungs in situ. Arrows indicate first mair 
branch of pulmonary artery on either side, and level at which it comes off main artery 
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Fic. 4.—When cavities (A) are small and are located in periphery of lung, only 
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structures crossing the cavities very rarely contained blood-vessels, 
and when they did the vessels were very much narrowed on account 
of panarteritis and thrombosis. 


TABLE 


Type of pulmonary 


‘hr. fibroulcerative 


‘hr. fibroulcerative 
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Discussion. Evidently there are two outstanding reasons why 
the first branch of the pulmonary artery is most often involved in 
fatal hemoptysis in pulmonary tuberculosis as found in our series. 
The first is that in pulmonary tuberculosis of the adult type with 
the disease predominantly in the upper lobe, it is the first branch 
of the pulmonary artery supplying the apex that bears the brunt of 
the pathologic processes. The arterial changes vary, depending on 
the anatomic distribution of the morbid process and the form of 
tuberculosis, whether chronic or acute. In the chronic form, when 
the disease was localized in the peripheral zone of the upper lobe 
with considerable fibrous tissue infiltration about the diseased area, 
the pulmonary artery within the fibrotic areas becomes sclerosed 
and its Jumen almost obliterated, while the pulmonary artery 
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outside the fibrotic zone remains practically normal in caliber. 
In some cases there is actual dilatation of the artery suggesting an 
attempt on the part of the heart to force blood into the artery 
encased within the fibrotic zone. When the disease is acute with 
widespread consolidation, the artery is universally narrowed 
throughout the entire consolidated area. Widespread thrombosis 
in such an artery is often encountered when studied histologically. 
Regardless of the type of the vascular change, the important point 
is that in pulmonary tuberculosis, it is the first branch of the 
pulmonary artery which is most frequently destroyed. 

The second reason that the first branch of the pulmonary artery 
is a frequent source of fatal hemorrhage is that tuberculous cavities 
begin, as a rule, in the apex of the upper lobe, and as they become 
larger, the peripheral ends of the first branch of the pulmonary 
artery become eroded. The arteriography showed that when a 
cavity is in the extreme apex of the upper lobe, its dimension not 
larger than an inch, and its lower border not as low as the second 
rib, only the second and third orders of this branch are eroded by 
the cavitation (Fig. 4). It is doubtful that when vessels of small 
caliber are eroded a fatal hemorrhage can ever occur. However, 


as the cavity increases in size, the time may come when it en- 


croaches at right angles upon the main trunk of the first branch of 
the pulmonary artery. At this stage a fatal hemorrhage becomes a 
definite possibility. 

Because the first main branch of the pulmonary artery was often 
involved in fatal hemoptysis, attempts were made to determine its 
topographic anatomy in relation to the usual chest roentgenogram. 
This study showed that this main branch comes off the main artery 
at about the second costal cartilage, slightly medial to the para- 
sternal line. In all our cases the cavity was large and extended 
down to the level of the second rib or second intercostal space close 
to the sternum. This fact may have a clinical significance in that 
any tuberculous cavity in this location may be regarded dangerous, 
particularly as a possible cause of fatal hemorrhage. 

In all the cases the tuberculosis was chronic in form. We have 
not seen a case of fatal hemoptysis in acute tuberculous pneumonia. 
The reason for this is easy to understand. The arteriograms made 
on the cases of tuberculous pneumonia showed very little erosion 
of the pulmonary vascular tree. When the cavities form, they are, 
as a rule, small and are located in the periphery of the lungs, where 
only the smaller branches of the pulmonary artery are involved. 

In regard to the pathogenesis of arterial rupture in pulmonary 
tuberculosis there appears to be much controversy. Auerbach! 
reviewed this question. Some of the observations concerning the 
mechanism of arterial rupture in pulmonary tuberculosis are as 
follows: Invasion of the adventitia and media of the pulmonary 
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artery by granulation tissue leaving the intima and the “ white blood 
clot” within the lumen as the only wall separating the vessels from 
the cavity (Meyer), hyaline degeneration of the blood-vessels due 
to nutritional disturbances resulting in tissue necrosis (Eppinger‘*), 
gradual erosion of the blood-vessel by tubercle bacilli (Letulle’), 
gradual dilatation of the blood-vessel due to the destruction of the 
elastic tissue (Bogen®), and active destruction of the blood-vessels 
by the tuberculous process (Jaffe’). 

The incidence of fatal hemoptysis in pulmonary tuberculosis is 
reported variously as 1% (Wolff*), 4% (Auerbach!) and 6.8% (Fish- 
berg’). The 12 out of 246 cases we studied makes the incidence in 
our series 5%. It is possible this incidence may be reduced if 
tuberculous cavities occurring in the region of the first branch of 
the pulmonary artery are collapsed. The cavity walls will then be 
approximated, thus providing protection to the eroded ends of the 
pulmonary artery. Furthermore, vascular sclerosis seems to occur 
more frequently in a tuberculous lung, when it is under collapse.’ 
Such sclerosis, if brought about, may aid in preventing aneurysmal 
dilatation and subsequent rupture of the diseased artery, thereby 
preventing fatal hemoptysis. 

Summary and Conclusions. 1. ‘I'welve cases of fatal hemoptysis 
in pulmonary tuberculosis were studied clinically, pathologically 
and by postmortem pulmonary arteriography. 

2. In every case the tuberculosis was chronic with considerable 
fibrosis. 

3. The incidence of fatal hemoptysis in our series was 5%. 

4. The method of performing postmortem pulmonary arteriog- 
raphy is described in detail. 

5. Of the 12 cases, the ruptured pulmonary artery was found in 
10. In 8 the ruptured vessel was the first main branch of the 
pulmonary artery, which lies at the level of the second costal 
cartilage slightly medial to the parasternal line. 

6. A cavity reaching the second costal cartilage may be con- 
sidered dangerous as far as possible erosion of the first main branch 
is concerned. Hence it may be well to consider collapsing such a 
cavity with a view to reducing the incidence of fatal hemorrhage. 

The authors are greatly indebted to Dr. Joseph Walsh for his suggestions and per- 
mission to use the necropsy material of the White Haven Sanatorium. The members 

the Medical Staff of the Sanatorium were kind in giving us clinical data 
on these cases. 
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IRRADIATION therapy has had various methods of application in 
the treatment of polycythemia vera. Harrop and Wintrobe® have 
provided an excellent review of this topic. 

Within recent years, Morris® and Hitzenberger* have advanced 
the interesting hypothesis that in polycythemia vera the over- 
production of erythrocytes is due to an excessive elaboration of the 
anti-pernicious anemia principle (intrinsic factor of Castle), a con- 


dition which finds its antithesis in pernicious anemia in which the 
formation of this hemopoietic factor is inhibited. Singer’ carried 
the hypothesis a step further by performing a gastrectomy on a 
patient with polycythemia who was also suffering from a duodenal 
ulcer. One year following the operation the patient’s erythrocyte 
count was 4.6 million. 

Hitzenberger* in 1934 in an attempt to reduce the hypothetical 
excess of intrinsic factor irradiated the stomach of 2 of his patients 
with the result that temporary benefit was obtained. In one case 
the hemoglobin fell from 140% to 100% and red blood count from 
8.9 million to 5.6 million per c.mm. In the second case the hemo- 
globin was reduced from 128% to 110%, and the red blood count 
from 9.5 to 7 million. However, the duration of the remission 
persisted only for a few months. He was inclined to feel that the 
Roentgen ray doses were too small. A different technique was 
employed in one case by Andersen, Geill, and Samuelson! in 1938. 
They confined the irradiation to the pylorus and upper duodenal 
region, since Meulengracht’s® studies suggested that the pyloric 
and Brunner’s glands were the site of elaboration of the intrinsic 
factor. With repeated treatments over a period of 4 months the 
red blood count gradually fell from 134% to 100% (Sahli). The 
color index increased from 0.61 to 1.20. The red blood cells declined 
in number from 11 million to 4.1 million per c.mm., and the mean 
red cell diameter increased from 7.29 to 7.81. Following the course 
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of treatment the patient showed clinical improvement and the red 
color of the face and hands diminished. 

In view of the satisfactory results reported by Andersen and his 
co-workers, we undertook to repeat their experiments both from the 
viewpoint of treatment and to obtain further evidence for or against 
the hypothesis that polycythemia vera may be due to an excess of 
the hematopoietic factor. 


Methods of Study. Four cases of polycythemia vera were studied. 
They were all classical cases. There were 3 males and 1 female. Blood 
studies were carried out just prior to, during, and for varying periods after 
the completion of the Roentgen treatments. The he moglobin determina- 
tions were made with a Sheard and Sanford photelometer.* The erythro- 
cyte counts were made in the routine manner. The hematocrit values were 
estimated with Wintrobe hematocrit tubes. The Congo Red method 
described by Keith, Rowntree and Geraghty* was employed in the evalua- 
tion of the plasma and total blood volumes. 

In this study we have followed the Roentgen ray technique outlined by 
Andersen, Geill, and Samuelson.'' Their method is as follows: The patient 
drinks a small portion of contrast media and is immediately placed in a 
recumbent position on a fluoroscopic table. In a few minutes the pyloric 
region is visualized on the fluoroscopic screen. A metal ring 9 cm. in diame- 
ter is placed on the abdomen in such a position that the pylorus and a part 
of the descending duodenum is seen in the center. <A circle is then drawn 
with indelible pencil on the skin around the metal ring. This field is later 
irradiated while the patient is placed in exactly the same position as during 
the fluoroscopic examination. Their therapy factors were: 150 kv., 5 ma., 
0.5 mm. copper filter, 40 em. focus-skin distance. We outlined the field 
in the same manner but used more penetrating radiation. The technique 
was varied to a slight extent as noted in the following, and the time distribu- 
tion had to be modified somewhat to suit the patient. These variations 
should certainly not reduce the effectiveness of the radiation. Two hundred 
and 220 kv. were used with filters of 0.5 and 1 mm. copper. The half value 
layer amounted to 0.9 and 1.7 mm. copper respectively. The current was 
30 and 15 milliamperes. At first 70 em. focus-skin distance was used and 
a circular field which was increased from 9 cm. diameter to 10 cm. when no 
response was noted after the first few treatments. In all the treatments 
given after April 6, 1939, a 10 by 10 cm. square cone was used with slight 
compression and the focal distance was then 50 em. A few treatments 
were also given from a posterior field. 200 r as measured in air was applied 
each time. The dates of the treatments as well as the figures obtained from 
the blood examinations are recorded in Tables 1 to 4. When the treat- 
ments were discontinued after about 3 months, the total number of Roent- 
gens given amounted to 2400 r to each of 2 patients, 2200 r to 1, and 2800 r 
to the fourth patient. Andersen, Geill and Samuelson applied a total of 
2600 r in about 4 months. 


Results. [rom the analysis of the data in Tables 1 to 4 it is 
apparent that Roentgen the ‘apy applied to the pylorus and duo- 
denum was of no benefit to the polycythemia. In no instance was 
the blood volume appreciably reduced. (In Case 4, blood volume 
studies could not be carried out because of the poor condition of the 
patient’s veins.) Similarly, no reduction in the hematocrit values 
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were obtained. While variations were noted from time to time in 
the erythrocyte counts and hemoglobin concentrations, no material] 
reductions occurred during the course of, nor for an adequate period 
following the irradiation. 

In our opinion the ineffectiveness of the treatment was not due 
to improper nor to inadequate application of Roentgen therap) 
inasmuch as we followed the technique of Andersen and his col- 
leagues fairly closely. Moreover, we used more penetrating rays, 
a greater focus-skin distance, and therefore a considerably higher 
depth dose. The failure to obtain any therapeutic response prompted 
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Hemoglo- Blood volume (in liter 
bin in % Erythrocytes Hemato 
17 gm Mill. per crit 
Roentgen units. 100 ce. c.mm.). % 
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Anterior 
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200 146 
200 
200 150 
200 
200 130 
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Total 2400 
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1939 
2-11 8.9 SH 1.45 10.32 
2-14 
2-16 S 16 SO 
2-18 
3-18 
3-20 74 2.61 10.82 
3-22 
5-11 11.45 78 
5-13 
5-15 76 7 10.53 
5-17 
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; S—11 130 9.3 83 1.8 10.6 
J. S., o 48. 
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While the 


evidence obtained in the present study does not lend support to the 
concept that polycythemia vera is the antithesis of pernicious 
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Date. Roentgen units 
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1939 exposure 
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100 ce 
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Erythrocytes 
Mill. per 


c.mm.). 


Hematocrit 


Date . vo vo 
1939 
1-20 9.7 77.4 
1-26 77.4 
5-24 2.4 10.75 
5-26 10.0 77.4 
6-14 
6-16 9.3 73.0 
6-19 
6-21 76.3 
9.5 75.0 
20 
25 
27 
17 127 10.0 77.0 3.4 12 3 
Total 2800 
79.0 
CAasE C. » 65. 
114 7.4 66.5 
130 6.12 
123 6.38 
133 6.86 
127 7.16 
Total 
7-22 120 8.5 72 
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anemia, it is nevertheless recognized that no definite conclusions 
can be drawn, since it is possible that Roentgen ray even in heavy 
dosage may not interfere with the production of intrinsic factor. 

Conclusions. 1. Roentgen therapy applied to the pylorus and 
duodenum in 4 patients having polycythemia vera failed to induce 
any remissions in the blood picture. 

2. Roentgen therapy directed to the pylorus and duodenum 
appears to be of no therapeutic value in the treatment of polycythe- 
mia vera. The present study fails to confirm the observations of 
Andersen, Geill, and Samuelson. 
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THE USE OF INTRAVENOUS SODIUM CHLORIDE IN 
PYROTHERAPY. 
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REACTIONS to artificial fever therapy have been greatly reduced 
during the past decade. This has been due to improved methods 
of inducing fever and to an increased knowledge of the physiologic 
changes that occur during exposure to excessive heat therapy. A 
better understanding of the indications for and contraindications 
to this type of therapy has also contributed toward the lessening 
of untoward reactions. 

Various types of reactions have been reported such as nausea, 
vomiting, hematemesis, herpes simplex, weakness, debility, delirium, 
shock, hyperpyrexia, tetany and occasionally death.?7427 The 
causes of these reactions have not always been determined, due to 
incomplete information concerning the physical and chemical 
changes that occur in patients subjected to artificial fever. 

Administration of Sodium Chloride During Artificial Fever Therapy. 
Sodium chloride has long been known to exert a beneficial influence 
on the human organism exposed to excessive heat. Salt is now used 
in foundries, industrial plants and construction projects operating 
under conditions of extreme heat. Salt is also given to patients 
who are being treated by fever. It is usually administered by mouth 
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during the period of exposure to heat or fever, and in some instances 
also preceding and following it. 

Increased or excessive perspiration occurring during artificial 
fever leads to a more or less pronounced loss of the sodium chlo- 
ride.’*'7.%  [n order to make up for this loss, salt must be admin- 
istered. If correctly timed, the introduction of salt may prevent 
further excessive perspiration and critical loss of sodium chloride. 
One of the most important physiologic actions of sodium chloride 
in fever is its tendency to cause hydremia™-'* and to effect a favor- 
able shift in water balance. We do not wish to enter here into a 
detailed discussion of sodium chloride metabolism. Suffice it to 
mention that salt has many complex relations to water exchange, 
osmotic equilibrium and body 7! 

Salt is usually administered in a 0.3 to 3% solution. The use of 
salt in capsules and tablets or in the form of foods high in content 
of sodium chloride has also been reported. The literature attests 
to the beneficial subjective and objective effects observed. In- 
creased tolerance to heat and decreased weakness and debility 
have been reported most frequently."%"* A type of heat exhaus- 
tion known as stokers’ cramps has been studied and seems to be 
due to excessive chloride loss. It was shown that the incidence 
of sunstroke among laborers exposed to high temperatures during 
the building of Boulder Dam could be materially lessened by the 
administration of sodium chloride. 

Nausea and Vomiting During Artificial Fever. [uring the past 
5 years we have treated more than 500 patients with artificial 
fever, using the blanket method. Therapeutic results have been 
satisfactory and there have been few serious reactions.*** 

Despite the oral administration of various concentrations of salt 
solutions, nausea and vomiting were observed in 60% of our patients. 
Patients undergoing pyrotherapy are not permitted to have break- 
fast, as this predisposes to vomiting. Since they do not eat lunch 
during the treatment, prolonged vomiting becomes of serious 
import. Not only is this reaction undesirable because of subjective 
discomfort, but patients who can otherwise be ambulatory Jose one 
to several days of work, thus causing financial loss and necessitating 
rearrangement of working hours. 

In reading over the literature, we have been unable to find men- 
tion of remedies effective in preventing this nausea and vomiting. 
Of the few procedures suggested, none seemed to be rational and 
none had been tried under exact clinical conditions permitting 
evaluation. 

Effects of Various Methods of Administration of Salt. The fol- 
lowing methods of administration of sodium chloride were studied: 

Sodium chloride by mouth in tablet or capsule form preceding, 
luring and between pyrotherapy treatments: This method of adminis- 
tering salt was found to be unsatisfactory because salt in this 
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concentrated form, even though enteric coated tablets were used, 
may lead to gastric and intestinal irritation resulting in nausea, 
vomiting and diarrhea.’ The rapid excretion of salt by the kidneys 
made it doubtful that salt may be stored by preliminary adminis- 
tration. Further, many ambulatory patients did not take the 
salt at the regular intervals of time prescribed. 

Salt solutions by mouth during pyrotherapy: Salt solutions by 
mouth are not entirely satisfactory because of their disagreeable 
taste. Many patients are so drowsy or confused that they refuse 
to take sufficient fluids. Furthermore, the solution may be irritat- 
ing to the gastric mucosa. There is evidence that the absorption 
of salt solution from the intestinal tract may be retarded and 
impaired. This was observed by Hartman and Major who used 
dogs in their experiments.'® Vomiting and insufficient fluid intake 
during treatment may result. 

Intravenous physiologic salt solution during pyrotherapy: With 
the concentration used (0.9%), it would be necessary to give 3000 
to 4000 cc. of the solution in order to administer sufficient salt to 
make up the loss from the body. At times this may be technically 
impossible in uncoéperative patients. Intravenous infusion of such 
a large amount of fluid would require 3 to 4 hours of time. The 
possibility of overburdening the heart and of resultant pulmonary 
edema should be considered. 

Subcutaneous physiologic salt solution: This method is painful 
and slow. We have observed large areas of painful induration and 
persistent edema at the site of injection resulting from this pro- 
cedure. 

Intravenous Hypertonic Salt Solution. It was believed that the 
drawbacks to the methods of administration mentioned above 
might be largely overcome by the use of intravenous hypertonic 
sodium chloride solution. Five hundred centimeters of 5% salt solu- 
tion were administered immediately preceding the induction of 
artificial fever, and an attempt was made to evaluate this procedure. 
This dose of salt was decided upon as the average loss of sodium 
chloride during pyrotherapy is approximately 25 gm.°:.° 

Such concentrations of salt have been known to cause diuresis,”° 
which would be obviously undesirable because of resultant dehydra- 
tion. However, according to Baldes,' the beginning of diuresis 
from such solutions is somewhat delayed. We assumed that this 
delay would be long enough to prevent diuresis because the rise in 
body temperature would cause a shift of water excretion from the 
kidneys to the sweat glands. This was apparently confirmed by 
the fact that we did not observe any diuretic effect in our patients. 

It has been stated that excessive doses of salt may cause distur- 
bances in heat regulation, with dangerous secondary effects. How- 
ever, with the relatively smal] dosage used in our patients, no effect 
of this kind was observed. 


ROSENBERG, EPSTEIN: SODIUM CHLORIDE IN) PYROTHERAPY 653 


[t has been shown that such amounts of salt solution, if prope rly 

prepared without bacterial contamination, do not cause rises In 
temperature.® 


Administration at the rate of 500 ce. of 5% 


solution per hour is considered safe. 


Methods of Investigation. In a preliminary study it was found that 
nausea and vomiting occurred in approximately the same percentage of 
patients (about 60°;) when plain water was given as when saline solution 
was administered orally. It was therefore decided to compare the effects 
of plain water given by mouth to the results obtained when an intraven- 
ous infusion of 500 ec. of 5°; saline solution as well as water was given 
immediately preceding pyrotherapy. 

Patients suffering from general paresis, taboparesis, tabes dorsalis, 
meningovascular syphilis and various complications of gonorrhea were 
treated by artificial fever therapy with the blanket method.* 

The axillary temperature of patients with syphilis is raised to 39.5° C. 
(103.1° F.) during the first treatment, to 40° C. (104° F.) during the 
second, and to 40.5° C. (104.8° F.) during the third and all consecutive 
treatments. The temperature of patients with gonorrheal complications 
is raised to 39.5° C. during the first treatment, to 40.5° C. during the second, 
and 41° C. (105.8° F.) during all following treatments. 

The temperature of patients with syphilis or gonorrhea is maintained at 
the maximum desired height for 5 hours. Treatment is given with the 
patient in a fasting state or following a light breakfast consisting only of 
coffee and two slices of toast. Two hours after treatment, the patient is 
allowed to eat a light dinner. Fruit juices are usually withheld for 24 hours 
since they have a tendency to cause vomiting. 

A full course of pyrotherapy consists of 10 treatments for patients with 
syphilis and 8 of those with gonorrhea. However, several of our patients 
for personal reasons or because of intolerance to the treatments were unable 
to receive the full course. The patients were all ambulatory and were 
hospitalized for only 24 hours for each treatment. 

Intake, including intravenous infusion, and urine output and vomitus, 
were measured and the amounts were tabulated for each treatment. The 
frequency and duration of nausea and the incidence of vomiting were 
recorded. Between treatments the patients were questioned as to their 
subjective reactions such as discomfort from heat, feeling of weakness, 
debility, and so on. All reactions occurring during treatment, and espe- 
cially those necessitating termination of treatment before the end of the 
5-hour period, were recorded. Each patient was weighed without clothes 
immediately preceding treatment, and again 24 hours later just before 
discharge from the hospital. 

The blood pressure was measured before and after treatment and before 
discharge by the usual auscultatory method with the mercury sphygmo- 
manometer. 

Of the 23 patients studied, 3 were excluded from the comparative series 
because their nausea and vomiting was caused by morphine sulphate given 
routinely for sedation. This left a total of 20 patients for comparative study. 

A total number of 150 pyrotherapy treatments were given. The patients 
received 500 cc. of 5° intravenous saline solution at room temperature for 
each of the first 4 or 5 treatments. They were allowed to drink plain tap- 
water at room temperature as desired, except that the fluid intake was not 
permitted to exceed 1000 ce. per hour. In the remaining treatments of 
the course, usually about 3 or 4, depending on the total number, the admin- 
istration of saline solution was omitted. During these treatments also the 
patients were allowed to drink tap-water as before, again not to exceed an 
intake of 1000 ec. per hour. 
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Results. Of the total 150 fever treatments, 60 treatments were 
accompanied only by tap-water given by mouth. Ninety treat- 
ments were accompanied by the preliminary administration of 
500 ce. of 5% saline intravenously and tap-water by mouth. 

This difference in number of treatments is explained by the fact 
that the patient was sometimes unable to take a full course of 
treatments. 

The results were as follows: 

(a) Nausea and Vomiting. Of a total of 60 treatments without 
the giving of saline solution, 36 (60%) were accompanied by nausea 
and vomiting. Vomiting occurred 114 times during these 36 treat- 
ments, or an average of 3.16 times per treatment. 

Of a total of 90 treatments, preceded by intravenous saline solution, 
22 (24.5%) were accompanied by nausea and vomiting. Vomiting 
occurred 56 times during these 22 treatments, or an average of 2.55 
times per treatment. 

In order to study the degree of severity of nausea, description of 
this reaction was specified as: 

Mild nausea: duration not exceeding 15 minutes. 
Moderate nausea: duration not exceeding 2 hours. 
Severe nausea: longer duration (usually 24 hours or longer). 

This last type of nausea was exhausting, and prevented the 
patient from taking anything by mouth. 


TABLE 1.—Navsea AFTER ADMINISTRATION OF WATER AND INTRAVENOUS SALINE. 


Water given Saline given 
by mouth. intravenously. 
Slight nausea: 
No. of treatments 24 19 
Per cent : 65 85 
Moderate nausea: 
No. of treatments ; 2 2 
Per cent 7 10 
Severe nausea: 
No. of treatments > % 10 1 
Per cent aa 28 5 
Total treatments 36 22 


This shows that severe nausea occurred almost 6 times as fre- 
quently when the administration of saline solution was omitted. 
In several cases the administration of saline solution entirely pre- 
vented nausea and vomiting. In no case did it increase these 
symptoms. 

The objection might be raised that nausea and vomiting occurred 
less frequently in the saline experiment because the saline solution 
was given during the first two treatments when the temperature 
was lower than maximal. However, it was found that nausea and 
vomiting occurred twice as frequently during the first two treat- 
ments as in the following three treatments in which maximal 
temperatures were attained. This conformed with previous ob- 
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servations, showing that the incidence of nausea and vomiting in 
general was highest for the first two treatments and did not increase, 
but rather decreased, toward the end of the course of pyrotherapy. 

(b) Intake and Output. When saline solution was administered, 
the total average fluid intake was 3700 cc. per 24 hours, and the 
total average fluid output was 620 cc. per 24 hours. Fluid intake 
fluctuated between a maximum of 5700 cc. and a os of 
1650 ce. Fluid output fluctuated between a maximum of 2700 cc 
and a minimum of 400 cc. except in 1 case in which there was no 
urinary output at all for 24 hours. 

When water alone was given, the total average fluid intake was 
2700 ce. per 24 hours and the total average fluid output SSO cc. per 
24 hours. Fluid intake fluctuated between a maximum of 5300 cc. 
and a minimum of 600 cc. per 24 hours. Fluid output fluctuated 
between a maximum of 2200 and a minimum of 150 cc. except in 
the case of 1 patient who had no urinary output for 24 hours. 

(c) Influence on Weight. With Salt: Following 25 of the 90 saline 
treatments there was a gain in weight. The average gain was 
700 gm. The maximum gain for a single individual was 1900 gm. 
Following 2 treatments there was no change in weight. Following 
(3 treatments there was a loss in weight, the average loss being of 
1000 gm. The maximum loss for a single individual was 3600 gm. 

Without Salt: Following 60 treatments when water only was 
given, there was only one gain in weight (300 gm.) ; following 3 treat- 
ments there was no change; following 56 treatments there was loss 
in weight with an average loss of 3000 gm. The maximum loss for 
a single individual was 5200 gm. 

(d) Saline solution improved subjective tolerance to heat in 
many instances. Many patients were less restless following its 
administration, and there was a definite decrease in the incidence 
of post-therapeutic weakness and debility. Inability to tolerate 
treatment for the full 5-hour period and discontinuance of treat- 
ment because of anxiety states, delirium and dangerous increase in 
pulse rate occurred more frequently when saline solution was 
omitted. 

(e) There was no significant effect of saline solution intraven- 
ously on the blood pressure. In general, there was a tendency for 
the blood pressure to fall after artificial fever treatments. 

Untoward Reactions. Four venous thromboses occurred following 
intravenous 5% salt solution that were localized to the site of injec- 
tion. In 2 cases this was due to faulty intravenous technique with 
leakage of saline solution into the subcutaneous tissue. No other 
untoward effects were observed in this series of 20 patients. How- 
ever, after completing this series we have used saline solution in 
about 30 additional patients and on 2 occasions have observed 
slight chills following its administration. These chills were accom- 
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panied by slight rises in temperature which shortened the time 
required to raise the patient’s temperature to the desired maximal 
point. We are unable to say definitely whether these chills were 
caused by faulty preparation of the solution used or whether they 
were caused by the salt itself. 

Contraindications. We did not observe any undue fluctuation in 
blood pressure following the administration of hypertonic saline 
solution. Nevertheless, we do not advise its use in patients with 
advanced cardio-reno-vascular disease and marked hypertension, 
and so on. 

Summary and Conclusions. 1. ‘The intravenous use of hypertonic 
saline solution (5%) immediately preceding artificial fever therapy 
is advocated. 

2. This procedure was found to be of considerable value in 
reducing the incidence, frequency and severity of nausea and 
vomiting. It was also effective in reducing the incidence and 
severity of reactions of intolerance to heat and post-therapeutic 
debility. 

3. The administration of salt by this method is simple and rapid. 
It is accompanied by very few untoward reactions and little or no 
discomfort. 

4. The intravenous administration of hypertonic saline solution 
preceding pyrotherapy has a marked tendency to increase fluid 


intake and to diminish fluid output. As evidenced by changes in 
weight, there is a tendency toward retention of fluid. This reten- 
tion seems to alleviate or prevent certain undesirable reactions that 
are seen in artificial fever therapy. The therapeutic effect is prob- 
ably explained chiefly by the osmotic action of the sodium chloride. 
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(From the Clinic for Peripheral Vascular Disease and the Physical Therapy Depart- 
ment of the Mount Sinai Hospital.) 

THE investigations that we have carried on during the past 
3 years'*® have shown that the regulation of the circulation in the 
skin differs from that in the muscles of the lower extremities. Ina 
prev ious publication, we stated that lumbar sympathetic paraly sis 
increases the circulation to the skin of the lower extremities, but 
does not increase the circulation to the calf muscles. Subsequently, 
Grant® came to a similar conclusion in regard to the muscles of the 
upper extremities utilizing the plethysmographic method. In this 
paper, more detailed data are presented and new experiments on the 
effects of typhoid vaccine are reported. We have continued to use 
direct temperature measurements, as this method appears to us to 
be the best available for the separate and simultaneous study of 
circulatory changes occurring in the skin and muscles of the extremi- 
ties of the living human subject. 

Seven methods of influencing the circulation were employed in 
this study. They consisted of: a, Lumbar paravertebral injections 
of alcohol; b, spinal anesthesia; c, intravenous injections of hyper- 
tonic sodium chloride solution; d, intravenous injections of physio- 
logic sodium chloride solution; e¢, intravenous injections of adrenalin; 
f, immersion of forearms in hot water; g, intravenous injections of 
typhoid vaccine. 

Procedure. Thermocouple needles, insulated along the shaft so that 
only the tips recorded temperature, were inserted into the calf muscles. 
The skin over the muscle area studied was first cocainized so as to avoid 
pain and apprehension due to insertion of the needles. Stabilization of 
temperature was obtained before any procedures were begun. Simulta- 
neous observations of the skin surface temperatures of the great toes were 
taken with a skin surface thermocouple, and the rectal temperature was 
noted by means of a recording resistance rectal thermometer. All tem- 
peratures were observed at 10-minute intervals for a period of 2} to 5 hours 
ifter stabilization. 

Subjects were selected for these studies from among the men coming 
lor examination or treatment in the clinic for peripheral vascular disease. 

* Aided by a grant from the Council on Physical Therapy of the American Medical 
\ssociation. 
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Some of them had thrombo-angiitis obliterans, others arteriosclerotic 
peripheral vascular disease. A few patients showed impaired circulation 
in one extremity, but no evidence of arterial involvement in the other leg. 
Since studies were made simultaneously in both lower extremities, such 
patients offered an opportunity to observe changes where the circulation 
was normal and where it was deficient. 

Group A. Ten patients were treated by paravertebral injections of 
alcohol in the lumbar region. The technique used was that described by 
Labat.6 Two needles, 12 cm. long, were inserted about 1 inch apart 
From a point 7 em. from the midline the needles were directed obliquely 
so that they just passed the vertebral column. Novocaine (10 cc.) was 
then deposited through each needle along the course of the lumbar sym- 
pathetic trunk. If satisfactory elevation of temperature in the foot 
resulted, 10 cc. of alcohol was injected without changing the position of 
the needles. 
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skin temperature following paravertebral injections varied from 2° to 
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0.5° F. took place in the muscles. Table 1 summarizes the data obtained 
by this procedure. A typical temperature chart is shown in Chart 1). 


TABLE CHANGES IN RectraL, CALF Musc_Le AND Tok TEMPERATURES FOLLOW 
ING LUMBAR PARAVERTEBRAL INJECTION OF ALCOHOL. 


Left calf Right calf 


Rectal 
muscle. muscle 


Left toe. Right toe. 


Side 


injected 


Before., After.| Before.) After Before 


Comment. In these 10 cases, sympathetic paralysis produced by 
paravertebral injection of alcohol was followed by a sharp increase 
in the skin surface temperature and no corresponding elevation in 
the muscle temperature. Since all sympathetic fibers to the lower 


extremities might not be paralyzed by this type of injection, the 
experiments were repeated using spinal anesthesia. 


Group B. The usual technique for spinal anesthesia was employed. 
A lumbar puncture was done at the level of the fourth lumbar vertebra, 
120 mg. of novocaine crystals were dissolved in about 3 ce. of spinal 
fluid and reinjected. With this procedure all nerve fibers to the lower ex- 
tremities were paralyzed. The elevation of skin surface temperature varied 
from 5° to 15° F. The muscle temperature dropped from 1° to 1.5° F. 
and the rectal temperature dropped 0.5° to 2° F. Table 2 summarizes 
the data; Chart 2 shows a typical temperature chart. 

Comment. In this group of cases with complete nerve paralysis 
following spinal anesthesia, the skin surface temperature rose 
markedly. The calf muscle temperature dropped approximately 
1° F. The tests with spinal anesthesia thus confirm those with 
paravertebral injections of novocaine and alcohol, and demonstrate 
that paralysis of the sympathetic fibers is not followed by any 
increase of circulation in the calf muscles. 


Group C. Since injections of hypertonic sodium chloride solution have 
been employed for many years in the treatment of patients with peripheral 
vascular disease, the effects of such injections upon the skin and muscle 
temperature were studied. Following the intravenous injection of 300 ce. 
of 5% sodium chloride solution, given rapidly, there was a marked increase 
in skin surface and calf muscle temperature. The rectal temperature 
rarely changed. This group was the only one studied which showed an 
increase in both the skin surface and the calf muscle temperatures. Table 3 
summarizes the data; Chart 3 is a typical temperature curve. 


Name Date 

Before. After. | 
H.B 12/ 4/35 | Right 8.8 98.8 95.0 04.2 71.8 R53 
M. I 5/ 8/37 | Right ” 90 04.0 93 | 95.5 96 ( 81.5 72.8 81.5 85 1 
R.G 37 | Right is 4 Os 4 o6 6 95.8 96.3 0 0 0 R44 
LJ 12/ 2/35 | Right 95.5 | 91.5 829 6 | 91.0 
H.] 12/ 2/36 | Left "4 99.4 97 9 98 4 96.0 95.0 7€.0 86.0 74.0 77.0 
12/11/36 | Left 4 OS 06.7 95.5 97.4 99.0 77.0 79.0 0 
A. 11/20/37 | Left 77 97.3 92.4 91.2 | 95.4 86.0 68.0 71 68 66.0 
H.1 6/ 7/37 | Left 99.4 9s 04 7 040 95.4 0 () 79.0 
H. 1 7/15/37 | Left 99.3 99.2 97.0 95.3 | 95.4 04.5 84.0 86.0 79.0 81.0 
C.N 5/ 1/37 | Right " 99 44 | 90.0] 95.2 | 97.2] 82 79.0! 78.0 | 84.0 
Av 8.8 95.5 04.7 95.7 94.7 78.8 78.2 81.9 
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CHART 3. 


CHANGES IN Recta, Cater Muscie anp Tor 
INJECTION OF 300 cc. or 5% Sopium CHL 


RAVEN‘ 


Date 


Rectal 


Before 


Left calf Right calf 


muscle muscle. 


Left 


r. | Befor After. Before. After. | Before 


0 96.0 97.7 04.8 
2 96.0 99.0 96.0 97.0 77.0 
5 06.5 O8 7 95.5 97.2 84.2 
0 91.5 93.3 90.0 90.7 86.0 
4 97.3 99 0 95.0 97.7 73.7 
0 95.6 96.7 95.4 96.2 75.0 
0 95.0 06 3 96.0 97.8 75.0 
9 96.3 96.8 97.3 98 80.0 
4 96.0 97.0 96.5 97.5 77.0 
4 96.7 97.4 95.2 96.0 85.0 
8 95.7 97.2 95.1 96.4 80.1 
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RATURES FOLLOW- 
SOLUTION. 


ORIDE 


toe. 
After 
82.2 
R80 
87.0 
81.3 
79.0 
80.0 
85.6 
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86.0 
84.2 


Light toe. 


Before 


After. 
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| SSS Re q 
| 
T 
CHANGES EN CALF AND 
+ + + 4+ + + + + + 
TEMPERATURES | FOLLOWING 
+—+4 + + 
H.B 5/ 5/37 | 98.0 Qs 82 2 84.2 
R.G 0/30/37 99 2 99 75.0 85.0 
R.G 10/ 7/37 | 99.5 | 99 82.4 | 88.2 
i 1d 12/ 2/35 | 99.0 99 84.0 86.9 
RI 0/28/36 | 99.4 99 74.8 82.2 
r. 8, 3/ 9/37 99.0 ag 76.0 81.0 
\. 8 ‘ 10/29/37 | 98.8 99 68.0 69.0 
s : 5/ 7/37 | 98.9 | 98 80.3 | 87.0 
C.N 2/23/37 09 4 99 74.0 82.0 
11/20/36 | 96.4 96 84.0 86.0 
98.8 OS 78.1 83.1 


662 


TABLE 


W. W. 
Average 


FRIEDLANDER, 


20 


BIERMAN: 


IN MINUTES 


00 


For purposes of control and to determine if the injection of 
300 ee. of fluid might not in itself produce the changes noted in Group C, 
10 patients were given intravenous injections of 300 cc. of physiologic saline 
There were no changes in skin surface, 
Table 4 is a summary of the findings. 
curve. 


calf muscle or rectal temperatures. 
Chart 4 is a typical temperature 
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+ + 
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CHART 4 
ING or OF 
Left calf Right calf 
muscle muscle Left toe Richt toe 
Name Dats 
= Before.| After. | Before. After. | Before.) AM. | Before.) After 
2/11/37 95.8 | 95. “45 | 75.0 | 76.0 
G. 2/20/36 96.4 | 97.1 64 85.0 | 88.0 | 84.0 
11/ 1/37 96.8 | 96.7 | 97.8 765 | 775 | 788 
3/ 2/37 94.5 ) 0 80 4 
‘ 11/27/36 96.6 7 1 76.0 81.0 83 () 
2/27/87 9.0 | 9.4 | 93.9 77.4 | 76.6 | 76.8 
. 10/25/37 95.2 94.8 96.0 68 0 68 0 0 
5/17/37 9.9 | 6 97.3 85.2 | 84.7 | 84.2 
7/20/36 = 2 S20) 84.0 t 
= 95.4 95.5 5.7 79.7 
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Group E. Since paralysis of the sympathetic nerve fibers resulted in an 
increase of skin surface temperature without a corresponding rise in muscle, 
we studied the effects of sympathetic stimulation. For this purpose 1 or 
2 ce. of adrenalin chloride (1 to 1000) was diluted in 300 ec. of physiologic 
saline and given intravenously by the slow drop method. We found that 
while the skin surface temperature dropped approximately 6° F., the calf 
muscle temperature rose about 2° F. and the rectal temperature rose 
0.3° F. Table 5 summarizes the findings in this group; Chart 5 is a typical 
temperature curve. 
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Comment. The rise in calf muscle temperature indicates an 
increased circulation in these tissues. Plethysmographic studies by 
Hoskins, Gunning and Berry® have likewise shown that the circula- 
tion in the muscles is increased by injections of adrenalin. How- 
ever, such an increase also occurs in muscles deprived of sympathetic 
innervation. Grant has shown such changes after adrenalin injec- 
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tions in the forearm muscles of individuals subjected to sympathetic 
ganglionectomy. ‘The increased circulation in the muscles therefore 
cannot be attributed to sympathetic stimulation, but is due to some 
hormonal or chemical effect. It is important to note that opposite 
changes occur in skin and muscle at the same time, 7. ¢., a decrease 
of circulation in the skin and an increase in the muscle. 


TABLE 5.—CHANGES IN Recta, Musc ie anp Tor TEMPERATURES FOLLOW 
ING INTRAVENOUS INJECTION OF 2 cc. OF 1 TO LOOO ADRENALIN IN 
300 cc. OF PHYSIOLOGIC SALINE SOLUTION. 


Left calf Right calf 


Rectal Left toe Right toe. 
muscle muscle 
Name. Date 
Before. After Before. After Before After Before After Before After 
= 11/ 3/37 | 98.3 | 98.8 | 96.8 | 97.4 95.0 98 0) 89 6 85 1 80.6 | 75.2 
10/ 9/37 8 8 96.0 04.7 07 6 76.0 74.0 75.0 72.0 
11/ 6/37 | 98.6 99.0 93.5 96 4 04 3 OX 0 77.0 75.2 gO 6 76.1 
R. G. 11/ 9/37 | 98.6 | 99.5 | 96.3 | 97.5 96.0 98.7 | 90.0 g?2 0) 87.8 728 
H. L. 11/ 3/37 | 99.3 99.5 95.8 97 0 9 047 77.0 75.0 77.0 74.0 
Ss 11/12/37 | 97.0 97.0 96.0 96.4 04.8 96.0 87.8 79.7 84.2 77.0 
11/11/37 97.8 OS 5 97.0 4 97 2 98 2 76.0 a6 Oo 72.0 
H. L. 11/ 2/37 97.4 97.5 04.8 95.7 06.8 97.8 S78 85.0 87.8 85.0 
Average 98.2 98.5 95.5 96.7 95.2 97.4 S40 79.0 82.5 76.3 


Group F. The relationship between skin surface and calf muscle 
temperatures was further studied when the forearm was placed in hot 
water. For this purpose a water bath at 114° F. was used, and the fore- 
arm was kept immersed for 45 minutes or longer. A marked rise occurred 
in the skin surface temperature of the toes but was not accompanied by a 
similar change in the calf muscle temperature. The rectal temperature rose 
approximately 0.5° F. Table 6 summarizes the data; Chart 6 presents a 
typical temperature curve. 


Comment. The mechanism by which hot arm baths affect the 
surface temperature of the toes has been studied by Pickering.’ 
He showed that the warmed blood returning from the upper extremi- 
ties affected the heat regulating center in the brain, and that secon- 
ary nervous impulses to the lower extremities resulted in vasodila- 
tation. Such nervous impulses are carried by the sympathetic 
nervous system. We have shown that the changes noted in the skin 
surface temperature of the toes following hot forearm baths were 
not accompanied by corresponding changes in the calf muscles. 

Group G. Fever was produced by the intravenous injection of typhoid 
vaccine in this group of patients. Initial injections contained 5,000,000 
typhoid bacilli. This amount was progressively increased until the sys- 
temic temperature was raised 2 or 3° F. In the majority the rise in systemic 
temperature occurred about an hour after the injection. The rise in body 
temperature was accompanied by a gradual fall in calf muscle temperature. 
These changes continued throughout the period studied and were unaltered 
by the occurrence of chills and tremors. The skin surface temperature rose 
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before the onset of the chill but dropped when the chills occurred. It 
always rose above the initial level after the chills subsided. The data are 
summarized in Table 7; Charts 7 and 8 give typical temperature curves. 
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TABLE 6.—CHANGES IN Recta, CaLF Muscie AND TEMPERATURES FoLLow 
ING IMMERSION OF Upper EXTREMITIES IN WATER AT 45° C 


Left tos Right toe 
Name Date 

Before After Before After Before. After Before.| After Before.| After 
H.Z 11/19/35 93.0 9.7 80.0 86.0 
M.S 6/27/38 07 6 09 2 9.3 88.8 0.3 0.0 76.8 89 1 76.8 89.0 
A.S 11/10/38 | 98.2 98 2 94.7 93.7 95 6 95.0 72.0 91.0 76.0 90.0 
E. D 10/31/38 | 98.2 09.5 2 91.2 94.5 91.4 73.9 85.0 79.3 83.0 
I 11/ 2/38 | 97.7 | 98.2 | 92.5 | 91.0 | 92.5 | 92.5 | 74.6 | 77.8 | 74.6 | 76.0 
A.5 11/ 3/38 99 7 09 8 06.7 06 6 97 7 96.6 81.7 88.9 | 80.8 88.9 
W 10/27/38 97.0 97.7 95.0 04 6 94.0 92.6 83.0 84.0 } 80.0 84.0 
4 P 10/20/38 | 97.6 98 2 96 2 95.5 95.6 95.6 82.4 83.0 | 84.0 85.6 
IB 10/19/38 | 98.0 98 3 92.5 92.0 93.2 92.2 86.9 88.0 86.2 87.4 
S.R 10/17/38 | 96.7 97.0 06 3 95.0 96.7 96.6 77.8 | 89.0 80.0 | 87.4 


\verage 97.8 O8 4 4.2 92.9 04.4 92.5 78.9 86.2 79.7 85.7 
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INTRAVENOUS INJECTION OF TYPHOID VACCINE. 


tight 
Rectal , Left toe 
cle MmuUscl 


Before.| After Before After Before After Before 


99 104.7| 94.5 | 9 0.6 
98.4 | 101.0 | 97 3.8 4 | 93.4 | 70.¢ 
99 100.7 OH 3.7 6H 4 7 

4 100 O4 4 71 

99.2 | 101.2 | 97 811 
96.7 8.7 | 94.7 1.2 73.4 
7.8 100 M8 14 3 8 6 
OS 2 100 ( 

9.4 | 103.7) 95.7 { 7 
ws 101 i 70.4 


100, 140 


180 


WITHOUT: A-CHILE 


CHART 7. 


After Bef 
a5 RE 
73.9 72 
74.5 7 
8 
Os 


FOLLOW 


ht 
ore | After 
6 7 
0 87 9 
734 
6 87.8 
l 75.8 
1 86.7 
4 78.2 


| 
| 
|| | 
+ 
4.P 
H. G. 
J. F. 3/28/38 
5/10/38 
LA 2/ 9/38 
V.7 3/30/38 
5/16/38 
Average 82.7 at 
TIME IN MINUTES 
| 
| 
COC 
THI RE A : 
‘TOE! TEMPERATURES | FOLLOWING: 
| INTRAVENOUS ENJECTION: OF TYPHOID: | 


REGULATION OF CIRCULATION 667 


TIME IN MINUTES 
50 90 120 160 


DEGREES F. 


4+ +} -+ 


MUSCLE TOE 
| TEMPERATURES FOLLOWING] INTRAVENOUS | | 
-ENJEDTION PF TYPHOID VACGINE} WETH 


Cuart 8. 


Discussion. Seven different methods were employed to alter the 
circulation in the lower extremities. In all but one of them, changes 
in the circulation occurred in the skin with opposite or no changes 
in the muscles. These observations indicate that the circulatory 
response to therapeutic procedures is not necessarily parallel in the 
superficial and deep structures. Since sympathetic paralysis fails 
to increase the circulation of the muscles, the use of ganglionectomy 
for the treatment of intermittent claudication has no physiologic 
basis. Of all the methods studied, the use of intravenous injections 
of hypertonic salt solution is unique in its ability to increase the 
circulation in both the skin and muscles. 
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The major problem in the treatment of patients with peripheral 
vascular disease is the relief of intermittent claudication. Practi- 
cally all patients with circulatory deficiency present this symptom 
and in more than one-half of them this is the only serious complaint. 
To relieve it, therapeutic procedures must be used that will increase 
the circulation in the muscles. On the other hand, when ulceration 
is present, a method of treatment which will increase the circulation 
of the skin is desirable. 

It is no longer justifiable to conclude that an evident increase 
in the circulation in the skin is accompanied by a similar increase 
in underlying muscles. In the future each method of treatment 
must be studied to determine to what extent it independently affects 
the circulation of the muscles and the skin. It will then be possible 
for the clinician to utilize that method which answers his specific 
needs. 

Conclusion. The circulation in the skin and muscles of the 
extremities is independently regulated. 

The blood flow in the muscles of the extremities is not directl) 
controlled by the sympathetic nervous system. 
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RAT MORTALITY FOLLOWING SODIUM TUNGSTATE INJECTION. 
By F. W. Kinarp, Pu.D., 


ASSOCIATE IN PHYSIOLOGY, 
AND 
JOHN VAN DE Erve, M.D., 
PROFESSOR OF PHYSIOLOGY, 
WITH THE TECHNICAL ASSISTANCE OF DorotTuy VoIGT 
CHARLESTON, 80. CAR. 


(From the Department of Physiology, Medical College of the State of South Carolina.) 


THE most extensive study of this subject was reported by Bern- 
stein-Kohan.'! From 12 rats used (body weights varying between 
75 and 225 gm. with no mention made of age, sex, or diet), Bern- 
stein-Kohan concluded that subcutaneous injection of 540 mg. of 
sodium tungstate (equivalent to 338 mg. of W metal) per kg. body 
weight was the smallest dose producing death. 

In connection with another problem, it was necessary to examine 
critically the findings of Bernstein-Kohan. This led to a study of 
certain factors influencing the effects of subcutaneously injected 
sodium tungstate. 
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Experimental. ‘lhe animals were chosen from the College colony 
of mixed Wistar albino and Minnesota piebald rats. Mixed litters 
were used with approximately equal numbers of each sex. The 
diet in each case was Purina dog chow. 

In order to obtain the body weight without the varying weight 
of intestinal ballast, the rats were in each case starved about 24 
hours before the injection. The sodium tungstate solution was of 
such concentration that 0.5 cc. was used for each 100 gm. body 
weight. 

Postprandial Effect. ‘The influence of the digestive and metabolic 
processes upon the toxicity of the sodium tungstate was determined 
by dividing 54 rats of the same age into 2 groups of equal size. 
The animals were starved about 24 hours. The first group was 
weighed and each rat given its calculated dose, and then fed. The 
second group was weighed, and then fed. One to three hours later 
each animal was given the dose calculated from the body weight 
before eating. In the first group injected, there was a mortality of 
40.7%; in the latter group injected during active metabolism there 
was a mortality of 14.8%. 

Age Effect. Rats of the same age were grouped and starved 
about 24 hours. Each rat was weighed, injected with sodium tungs- 
tate (W equivalent of 150 mg. per kg. body weight), then fed. 
The mortality of each group is shown in Table 1. 


TaBLe 1.—Errect or Ace Upon Mortatirty. 


Age in days 30 44 66 170 195 365 66 180 

Mg. W per 150 150 150 150 150 150 120 120 
kg. body 
wt. 

No. of ani- 21 20 39 16 19 29 24 16 
mals 

% mortality 0.0 30.0 59.0 100.0 89.5 100.0 8.3 87.5 


Several additional groups are listed in which a dosage of 120 mg. 
per kg. was used. 

Sex. Upon checking through groups in which the mortality 
was 10 to 80%, the male deaths were slightly more numerous than 
those of the females, in the ratio of 15:13. 

Mortality Under Controlled Conditions. Based on the foregoing 
observations, rats of 66 days were starved about 24 hours, weighed, 
injected, and then fed. The animals were observed for only 5 days 
following the injection. The results are found in Table 2. 

Discussion. [or rats, the minimum lethal dose of sodium tungs- 
tate, as given by Bernstein-Kohan, is too large. Using Baker’s 
special, chemically-pure, sodium tungstate (Na2WQ,.2H,O), the 
median lethal dose (LD50) appears to lie between 223 to 255 mg. 
sodium tungstate (140-160 mg. W equivalent) per kg. body weight. 
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These results were obtained in 66-day-old rats under the special 
conditions mentioned below. 


TABLE IN THE 66-DAyY-OLD Rar. 


Mg. W.perkg. 100 120 140 +150 160 170 200 220 250 
body wt. 

No. of animals 30 24 33 39 32 27 20 18 $ 

% mortality 0.0 $8.3 6.1 59.0 53.1 63.0 95.0 100.0 100.0 


If injected during the period of active metabolism following a 
meal, the rats succumbed to a lesser extent than when they were 
injected immediately following a 24-hour starvation period. From 
this study, it cannot be determined whether the effect is due to 
diminished absorption or to an altered response to the absorbed 
tungsten. This is being studied further. 

With increasing age there is an increased mortality (Table 1). 
This cannot be explained solely upon the basis of weight difference, 
for, within a group of definite age, in many instances, the lightest 
as well as the heaviest rats died, while those of medium weight 
survived. 

Summary. The median lethal dose (LD50) for 66-day-old 
rats, subcutaneously injected with sodium tungstate after a 24-hour 
starvation period, appears to lie between 223 to 255 mg. of sodium 
tungstate (equivalent to 140 to 160 mg. of W). 

It is pointed out that there is a definite age effect and that post- 
prandial conditions markedly influence results. 
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ROTENONE IN THE TREATMENT OF SCABIES. 


A NEw, NONODOROUS, NONIRRITATING FORM OF TREATMENT. 
PRELIMINARY REPORT. 


By CarMEN C. THomas, M.D., 
INSTRUCTOR IN DERMATOLOGY AND SYPHILOLOGY, UNIVERSITY OF PENNSYLVANIA, 
SCHOOL OF MEDICINE; INSTRUCTOR IN DERMATOLOGY, WOMAN'S MEDICAL 
COLLEGE OF PENNSYLVANIA, PHILADELPHIA, PA., 


AND 
Evetyn E. Mutter, M.D., 
ASSISTANT RESIDENT PHYSICIAN, VINELAND STATE SCHOOL, VINELAND, N. J. 


(From the Department of Dermatology and Syphilology of the University of Penn- 
sylvania, School of Medicine, Dr. John H. Stokes, Director.) 

THE search for an effective, easily applicable, non-odorous and 
non-irritating scabeticide is practically as old as the disease itself. 
A number of remedies have stood the test of time, predominantly 
sulphur in various forms, pyrethrum, betanaphthol and liquid 


THOMAS, MILLER: ROTENONE IN THE TREATMENT OF SCABIES 671 


styrax. All have, however, certain drawbacks, being either pro- 
ductive of irritation or objectionable because of malodorous, messy 
or staining properties. 

Some time ago Dr. William J. Lentz* called our attention to the 
remedy which is the subject of this report, namely, rotenone, which 
has found wide and successful application in veterinary medicine. 
It is a common constituent of flea powders, and also used in the form 
of a 2% acetone-alcohol solution in the treatment of demodectic 
(follicular) mange. It is likewise widely used as a contact insecti- 
cide for agricultural purposes. 

Rotenone is a colorless, crystalline, non-nitrogenous substance 
with a melting point of 163° C. It is practically insoluble in water, 
but readily soluble in the organic solvents (alcohol, ether, acetone, 
chloroform, benzene, carbon tetrachloride). Its empiric formula 
according to Crane® is CosH»2O,. Rotenone was first derived by 
extraction from derris root (Derris elliptica) which is one of a num- 
ber of tropical marine plants with fish-poisoning properties, and has 
a rotenone content of from 5 to 9%. It is now more commonly 
made from the South American cube root (Lonchocarpus nicou) 
which has a rotenone content of approximately 7%. Derris root, 
administered by mouth, is toxic for most species of animals (Ambrose 
and Haag'), notably guinea pigs and rats, and to a much lesser 
extent to dogs, producing in large doses death by respiratory 
paralysis. Rotenone, which is only one of several constituents of 
derris root, is apparently tolerated in very much larger quantities 
(Buckingham,? Haag‘), producing a transient gastro-enteritis in 
sheep, swine and dogs, when given by mouth. When injected sub- 
cutaneously or intraperitoneally in the form of a glycol solution, 
however, it is fatal to guinea pigs and dogs (Haag,* and Mathews 
and Lightbody) and if olive oil or other fats are administered when 
the drug is given perorally, its toxicity is likewise greatly enhanced, 
because presence of oil apparently facilitates absorption from the 
gastro-intestinal tract. 

On the other hand, appreciable absorption apparently does not 
occur from the skin, for Ambrose and Haag! were unable to demon- 
strate absorption of a 10% derris ointment in lanolin in man and 
rats, and Haag* administered a 1% rotenone ointment in petro- 
latum to rabbits and guinea pigs without evidence of local irrita- 
tion or absorption. We used a 5 and 10% rotenone ointment in a 
base of benzoinated Jard in the inunction of 2 guinea pigs over a 
space of 6 months, at the rate of 3 inunctions per week, adminis- 
tering an average of 8.5 gm. rotenone to each pig, without evidence 
of any toxic effect. When the animals unfortunately succumbed 
during an epidemic of pneumonia in the animal house, autopsy 
revealed no pathologic changes except those attributable to pneu- 

* Director of the Small Animal Clinic of the School of Veterinary Medicine of the 
University of Pennsylvania. 
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monia. Rotenone was next used on 3 normal human volunteers. 
A non-oily, emollient, liquid vehicle was purposely selected, namely, 
a mucilage of quince seed and Irish moss. This has the triple 
purpose of: 1, serving as a vehicle for rotenone, without favoring 
its absorption by the presence of oil; 2, acting as an emollient to 
the irritation and dermatitis so often found in severe scabies; 3, 
eliminating the objectionable qualities of a greasy, messy form of 
treatment. The preparation was made up as follows: 

Rotenone was dissolved in chloroform in the proportion of 1 gm. 
to 3 ce. of solvent. This is added with vigorous shaking to the 
quince seed and Irish moss mucilage in the proportion desired to 
make either a 1 or 2% lotion. The mucilage contains 0.1% sodium 
benzoate as a preservative. If desired, a few drops of perfume may 
be added. 

The applications were tolerated well. There was a temporary 
cooling, slightly burning sensation from the chloroform contained. 
Within a few minutes after application the film of lotion dries, and 
one is then no longer conscious of its presence on the body. Careful 
observation revealed no subjective or objective ill-effects. Repeated 
urinalyses remained normal. 

Results in the Treatment of Scabies. We next proceeded to test 
the preparation on patients with scabies, prescribing its use accord- 
ing to the following directions: 

First night—Bathe with hot water and soap, soaking well and scrubbing all 
over with a stiff brush. Dry. Rub lotion in well over whole body, except 
face and scalp. Special attention to hands, armpits, waist, nipples and 
groins. 

Next morning—Rub lotion in again, without bath. Wear same underwear. 

Next evening—Rub lotion in a third time, without bath 

Second morning— Rub lotion in a fourth time, without bath. 

Following evening—Bathe thoroughly. Put on fresh underwear, change all 
bedding, and send to the laundry. Do not apply any more of the medicine, 
without first returning to the clinic. 


The institutional patients were hospitalized during the course of 
treatment, which was administered by the nurse in charge under the 
supervision of one of us (EK. E. M.). The diagnosis in all cases was 
made by the finding of typical burrows.* 

It wassoon found that immediate relief of itching was obtained even 
in severely irritated skins, that cure in cases with a light infestation 
was complete in 2 days, that of severe cases within a week of appli- 
cation. The preparation was tolerated by the most sensitive of 
skins, and was quite suitable for use in children (7 below the age 
of 10 in this series). The light infestations, such as were seen 
mostly in the dispensary, easily responded to the 1% lotion, while 

* One ounce of the lotion is sufficient for a single application to the entire body 
of an average adult. On this basis the amount of rotenone applied in light infesta- 
tions is 1.2 gm.; in severe, 4.8 gm. The cost of rotenone crystals averages $1.00 per 


ounce in small quantities, and may be obtained from John Powell & Co., 114 East 
32d St., New York City. 
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severe infestation required the 2% lotion for best results, and 
frequently a second course of treatment for cure. Ten cases in all 
were treated with the 1% lotion and 14 cases with the 2% lotion, 
(6) of these being very severe, bedridden, institutional cases with an 
extensive, pustular dermatitis complicating the picture. The results 
were most gratifying; theré were no treatment failures, and a fol- 
low-up examination of the institutional cases (2 to 3 weeks later) 
showed that cure was complete. Four patients had reinfections. 
There were no untoward effects detectable in any of the patients, 
except for moderate dryness of the skin resulting in those who 
required two courses of treatment. This was easily controlled by 
the subsequent application of a bland ointment. Urinalyses during 
and for 2 weeks after the treatment remained normal. 


TABLE 1.—DatTa ON ScaBies PATIENTS TREATED WiTH ROTENONE LOTION. 


Day of 
comp! 
% No. involu- 
Rote- of tion of Follow-up 2-3 weeks 
Initials Age Sex Severity Duration. none. applic. lesions. later. 
M. ¢ 18 I + 3 mos. 1 S 4th Cure 
B. B. 17 I + + 4 mos. l 4 7th Cure 
G.N. 10 M + 3 mos. l 4 3d Not followed 
H.N 11 M 3 mos. l 4 3d Not followed 
G.G 28 M 1 year 2 4 3d Cure 
M. G. 27 ! : 1 year 2 4 3d Cure 
B.S. 7 F ++ 3 wks 2 4 Sth Cure 
M. M. 25 I 2 days 1 4 4th Cure 
N. H. 10 I 3 days 1 4 3d Cure 
B. M. 10 I 3 days l 4 3d Cure 
m. 2. 11 I 10 days l 4 3d Cure 
mR. A. 35 I 2 days l 4 3d Cure 
BS. 2. 12 I 2 wks. 2 4 7th Reinfection 4 wks. 
later 
E.R s F ++44+4 6 wks. 2 S 7th Cure 
> 69 F +++4 3 wks. 2 S 7th Reinfection 4 wks. 
late! 
1 wk. 2 4 3d Cure 
B.S. S F +++4 2 wks. 2 8 10th Reinfection 2 wks. 
later 
+ 1 wk. 2 4 3d Cure 
G. L. S F + + 8 wks. 1 4 4th Reinfection 3 wks. 
later 
+ + 2 4 3d Cure 
M. A. 28 F + 4 3 days y 5 3d Cure 
D. L. 10 F +++44 1 year 2 8 Sth Cure 
B. H. 18 k +++-+ 5 days 2 8 7th Cure 
G. W. 35 F +++44 5 wks. 2 6 4th Cure 


We feel on the basis of the results obtained in these 24 cases that 
rotenone in the form used here is a safe, effective, non-irritating 
scabeticide. 

Summary and Conclusions. |. Rotenone, a constituent of derris 
root, has been effectively used as a parasiticide in veterinary medi- 
cine and agriculture. 

2. In the form of | or 2% lotions with a base similar to that of 
many hand lotions (quince seed, Irish moss), it produced prompt 
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cure of scabies in 24 unselected cases encountered in clinic and 
institutional practice. At the time treatment was begun, 6 of these 
patients presented most severe secondary pustular and dermatitic 
complications. 

The preparation is non-objectionable from the standpoint of 
odor, is non-irritating even to sensitive skins, does not stain bed- 
clothes and underwear, and the patient is not conscious of its 
sence on the body: 

. Rotenone should be given a more extended trial in the treat- 
ment of scabies as well as that of other dermatoses of parasitic 
origin (e. g., pediculosis, trombidiasis and so on). 


REFERENCES. 


(1.) Ambrose, A. M., and Haag, H. B.: J. Indust. and Engin. Chem., 28, 815, 
1936; 29, 429, 1937; 30, 592, 1938. (2.) oo D. E.: Ibid., 22, 1133, 1930 
(3. Sad D. 2.24 ‘ornelll Veterinarian, 23, 1933. (4.) Haag, H. B.: J. Pharm. 
and Exp. Ther., 43, 193, 1931. (5.) biahome, J. A., and Lightbody, H. D.: J. 
Indust. and Engin. Chem., 28, 809, 1936. 
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SINCE the acceptance of sulfanilamide and its various derivatives 
as effective chemotherapeutic agents, reports have appeared in the 
literature describing undesirable and even fatal complications 
directly attributable to the use of these drugs. Outstanding among 
these reports are the references to renal complications associated 
with the administration of sulfapyridine. Recently sulfathiazole 
(2-Sulfanilamido-thiazole) was introduced for experimental use 
reputedly possessing almost equivalent therapeutic action, and 
being less toxic and less apt to cause the development of undesirable 
complications. To our knowledge the following case is the first to 
be reported in which more than transient renal complications have 
been observed following the administration of sulfathiazole. The 
case is of further interest because of the discovery at autopsy of a 
widely patent foramen ovale in a woman of 77. After a brief review 
of the literature this is the oldest case of this type of congenital 
cardiac defect on record. 
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Case Report. M. H., a 77-year-old white female, was admitted on 
Feb. 6, 1940, to the University Hospital with signs and symptoms of bron- 
chopneumonia. Briefly, her history was that of a chronic cough productive 
of mucoid sputum of approximately 6 months’ duration and associated with 
slight dyspnea on exertion for 3 months prior to admission. There was no 
history of palpitation, precordial pain or peripheral edema. Two weeks 
before admission her cough became worse, and she was referred to the hos- 
pital with a diagnosis of pneumonia, although there was no history of chills, 
fever, rusty sputum or pain in the chest. On physical examination she 
appeared to be an acutely ill old woman, temperature 102.6° F., pulse 100, 
respirations 36 and blood pressure 110/70. She was propped up in bed and 
hands and nail beds were slightly cyanotic. The chest was emphysematous 
with equal but limited expansion. Percussion was impaired over both 
lower lobes and on auscultation there were medium and coarse moist rAles 
over the same areas with a small patch of bronchial breathing in the third 
interspace in the left anterior axillary line. The heart was not enlarged to 
percussion and the apical impulse was palpable in the fourth interspace 
inside the mid-clavicular line. There were no shocks or thrills. A systolic 
bruit was audible at the apex which was not transmitted over the precor- 
dium. The pulse was full and regular, and there was marked peripheral 
sclerosis. The abdomen was soft, moderately distended and tympanitic. 
Peristalsis was hypoactive. No organs or masses were palpable. No periph- 
eral edema was present. 

Laboratory studies on admission were as follows: Red blood cells, 4,800,- 
000; hemoglobin 70°; and white blood cells 15,600 with 90°, neutrophils. 
The urine had a specific gravity of 1.028, was acid in reaction, there was a 
trace of albumin, and the sediment was negative. A bedside Roentgen ray 
showed density of the right lower lobe and the entire left chest. A Type III 
pheumococcus was recovered from the sputum. Blood culture was negative. 
Kolmer and Kahn tests were negative. 

Course in Hospital. A diagnosis of atypical pneumonia was made and 
sulfathiazole medication started on the day of admission. Three grams were 
given as the initial dose and the same dose repeated in 4 hours followed by 
1 gm. every fourth hour. Digitalis was given in moderate dosage. The 
patient developed severe and continuous nausea and vomiting which lasted 
until the sulfathiazole medication was discontinued, at the end of the fourth 
day. An attempt to combat dehydration was made with daily parenteral] 
administration of solutions of glucose and physiologic saline. In spite of a 
somewhat lowered temperature and pulse on the fourth day the patient was 
clinically worse. On the third day, it was noticed that the urine was acid, 
had a specific gravity of 1.022 and contained abundant albumin. 

On the fourth day the specific gravity was 1.019, the reaction acid and 
there was continued albuminuria plus microscopic hematuria. Although 
accurate measurements of the urinary output was difficult because of in- 
continence, the charted output on the fourth day was only 600 cc.—a figure 
decidedly less than on the 2 preceding days. Sulfathiazole, therefore, was 
discontinued on the fourth hospital day after a total of 24 gm. had been 
given. The blood sulfathiazole level on the last day of therapy was 7.2 mg. 
per 100 ec.* 

On the fifth hospital day, all the urine passed by the patient was obtained 
by catheter. The amount totalled 160 cc., the specific gravity had fallen 
to 1.014, reaction was acid, albumin was abundant and there were many 
hyaline and granular casts. 

On the sixth day, the total urine consisted of 225 ec. obtained by catheter. 
This specimen had a specific gravity of 1.011, was neutral in reaction and 

* Studies in progress would indicate that the present method for estimating sulfathi- 
azole in the blood is unreliable. This given value may be in error by as much as 30%. 
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contained abundant albumin and many white blood cells. The blood urea 
nitrogen was 55 mg. per 100 ec. and the blood pressure had risen to 165/85. 

On the seventh day, the urinary output was 450 cc. There was moderate 
albumin and a moderate number of white blood cells. Because the tem- 
perature, pulse and respirations were still elevated, 80,000 units of Type III 
antipneumococcic rabbit serum were given. 

On the eighth day the urinary output had risen to 575 ec. and 100,000 
more units of Type III antipneumococcic rabbit serum were given. Two 
days later, on the morning of the tenth hospital day (Feb. 15, 1940), after a 
short period of apparent improvement, the patient died. Death occurred 

Wasddends and was thought to have been due to coronary occlusion. 

Repeated blood counts showed a slowly progressive fall in the number of 
red blood cells from 4,700,000 on admission to 3,720,000 and 68°, hemo- 
globin on the seventh hospital day. The white blood count varied between 
14,000 and 19,000 with 83 to 95°) neutrophils. The laboratory data are 
summarized in the accompanying table. 


TABLE 1.—SumMMARY OF LABORATORY Data. 


Urine Blood Chemistry 
= 2 
= = Eg E “4 
= x = = x = = 
1/6 4.800.000 7) 15.600 & 2 ( 
2/7 Collection 1.028 Acid 0 * 0 Occas Q 4,700,000 80 19,200 92 6 2 
started 
2/8 895+ 1.022 Acid 0 ++4 0 Occas 0 4,140,000 77 17,10090 64 0 0 
2/9 600+ 1.019 Acid 0 0 Few Few 4,300,000 79 13,700584 8 O 01.2 7.2 
2/10 160 1.014 Acid 0 +++ Few Occas 0 
granular 
and hya- 
line 
2/11 225 1.011 Neutral 0 ++4 0 Many 0 55 
2/12 450 1.009 Acid 0 +--+ 0 Mod- 0 3.720.000 68 17.200 83 10 7 | r 
erate 
2/13. 575 
2/14 65 15,30 


Necropsy. Performed 10 hours postmortem. The salient features were 
as follows: Kidneys (160 gm. each) were large and soft. The cortices were 
narrowed, finely granular and pale reddish-pink in color. Pyramids were 
large and contained small hemorrhages and prominent grayish-yellow linear 
streaks of “‘gritty’’ crystalline material which converged at the apices and 
extended into the calices as short, fragile cords. The pelves were thickened, 
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grossly hemorrhagic and contained deposits of gritty sand-like material. 
Ureters were negative. Bladder contained a moderate amount of fine sand- 
like material and the mucosa was reddened. Heart (280 gm.) was small. 
The wall of the right ventricle was thickened and the right auricle was 
slightly enlarged. The other chambers were not dilated and the valves 
were normal. The foramen ovale was widely patent (0.8 em.) and the rim 
of the foramen was thickened and partially calcified. The secondary auricu- 
lar septum was absent. The right and left leaves of the primary septum 
were not fused and resulted in the formation of a “‘V’’-shaped defect in the 
muscular portion of the atrial septum. This defect, representing the primary 
ostium, was covered by a thick and fibrous septum. The wall of the pul- 
monary artery was slightly thickened. Lungs were small, heavy (left, 
150 gm.; right, 550 gm.), densely fibrous, dark and congested. The external 
surfaces were finely nodular and “hobnailed”’ in appearance while the cut 
surfaces exhibited a dense, diffuse, reticular fibrosis and a marked promi- 
nence of the pulmonary arteries. Liver (1060 gm.) was small and slightly 
fatty. Pancreas (150 gm.) was soft and flabby and there was moderately 
extensive pancreatic and peripancreatic hemorrhage with focal areas of 
fat necrosis. There were large hyperkeratotic plaques on the cerviz and in 
the rectum there was a large, flat, polypoid mucosal mass. 

Microscopic: Kidneys. There was slight to moderate fibrous intimal 
thickening of the small and medium-sized arteries associated with a mild 
degree of benign nephrosclerosis. There were small focal areas of subacute 
and healed pyelonephritis with tubular fibrosis, round-cell infiltration and 
colloid and hyaline casts in adjacent tubules. The collecting tubules were 
dilated and many were partially to completely obstructed by deposits of 
crystalline material.* The intratubular deposits consisted of large and 
flat, long and blunt and long rectangular crystals. There was fresh hemor- 
rhage into and about the collecting tubules. There was marked fibrous 
thickening of the subepithelial connective tissue, which was intensely con- 
gested, hemorrhagic and infiltrated with lymphocytes, plasma cells and a 
few neutrophils. Histologically, the heart was negative. Lungs showed a 
severe peribronchial and perivascular fibrosis and intense congestion of the 
septal vessels of the small intervening islands of alveolar tissue. The walls 
of the pulmonary arteries were thickened. There was a mild degree of 
bronchopneumonia. The liver cells were fatty and there was moderate 
atrophy and fibrosis of the cells about the dilated central veins. The pan- 
creas contained large and small areas of acute degeneration and necrosis of 
the acinar and islet tissue associated with interstitial hemorrhage and fat 
necrosis. The rectal polyp showed early malignant changes with invasion 
of the papillary stroma but without invasion of the submucosal connective 
tissue. The surface of the cervix possessed thick plaques of squamous 
epithelium which were covered with keratinized epithelium. The basement 
membrane was intact and there was no evidence of malignant degeneration. 

Discussion. The formation of uroliths following sulfapyridine 
medication, both experimentally and clinically, has been described 
by a number of investigators. Recently Plummer and McLellan,* 
and Stryker‘ have summarized the literature and added several new 
cases. Of particular interest is the fact that the last observer not 
only found calculi in the calices and pelves of the kidneys and 
bladder, but also discovered crystalline material in dilated collecting 

* The crystals were seen only in the frozen sections. The crystalline concretions 


were not seen in the section prepared by the routine paraffin method. In other 
respects the appearance of the sections was the same. 
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and convoluted tubules of the cortex. He felt that the site of the 
occurrence of the crystals resulted from the precipitation of sulfa- 
pyridine in these tubules as the urine became more concentrated. 
It has been our observation that crystalline masses of sulfapyridine 
occur most frequently in the renal pelves and in the ureters, which 
suggests that they are most frequently precipitated in urine of maxi- 
mum concentration, 7. e., in the caliceal and pelvic urine. 

Following the experimental administration of sulfathiazole to 
white rats, Gross, Cooper and Scott! found that the crystallization 
of the drug occurred in the distal collecting tubules. These experi- 
mental lesions were examined by one of us (D.S.P.) and were iden- 
tical with those observed in our case. That there should be a greater 
tendency for thiazole derivatives to recrystallize within the kidney 
tubules is of interest in view of the statement by Reinhold, Flippin 
and Schwartz,’ that their clinical observations suggest that sulfa- 
thiazole is not reabsorbed as readily from the kidney tubules as are 
sulfanilamide and sulfapyridine. 

These obvious observations with sulfapyridine and sulfathiazole 
suggest the etiologic difference for the site of development of the 
crystalline precipitates. It is our feeling that the site of precipita- 
tion is dependent upon the degree of saturation of the drug in the 
glomerular filtrate, the tubular concentration, and the solubility and 
(or) reabsorbability of the drug. 

Although the death of our patient was probably due to an acute 
hemorrhagic pancreatitis (of unknown etiology), there can be but 
little doubt that the oliguria and azotemia played a contributory 
part, and we believe that these complications were secondary to 
renal insufficiency resulting from tubular obstruction by the crys- 
talline concretions. Specific tests for the determination of renal 
function were not performed in this case because the acid urine of 
high specific gravity and a negative urinary sediment was con- 
sidered as evidence of adequate renal function. The signs of dehy- 
dration and progressive renal failure with the formation of small 
amounts of dilute urine containing albumin, casts, and red blood 
cells, which developed in spite of the administration of parenteral 
fluids, was considered as resulting from the severe and protracted 
vomiting. 

Considering the nature of the renal lesion and the probable 
etiology, this case clearly illustrates the necessity of an adequate 
fluid intake and frequent careful urinalyses in determining an uncom- 


LEGENDS FOR Ficures 1, 2 AND 3. 


Fig. 1.—Section of kidney showing the deposits of crystalline material] in the apical 
half of a pyramid. 

Fic. 2.—Apex of a pyramid with crystalline deposits in the dilated straight collect- 
ing tubules and focal areas of interstitial hemorrhage. (Frozen section, 55 x.) 

Fic. 3.—Heart showing patent foramen ovale and thickened right ventricle 
Dotted lines represent a ‘‘V’’- shaped defect in the muscular portion of the inter- 
auricular septum which is covered by a thick fibrous membrane. 
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plicated outcome during a course of sulfathiazole therapy. It is 
felt that renal complications may even be more frequently seen with 
sulfathiazole than with sulfapyridine and that a warning with 
regard to the judicious use of sulfathiazole is indicated. The site 
of the crystalline concretions of sulfapyridine render them amenable 
to urologic manipulation or surgical treatment whereas the sulfa- 
thiazole concretions must be dealt with indirectly. 

The other necropsy findings were incidental, but nevertheless 
interesting. The widely patent foramen ovale, in a subject 77 years 
old, with minimal and probably only terminal evidence of myocar- 
dial insufficiency, is unique. The etiology of the diffuse reticular 
pulmonary fibrosis is not clear, but is possibly in part related to a 
mild, but chronic passive congestion of the pulmonary circuit second- 
ary to an interauricular blood flow with increased filling of the right 
heart. Other microscopic evidence suggests a chronic low grade 
bronchitis as an etiologic factor. The moderate atrophy and fibrosis 
of the central liver cells, in the absence of tricuspid dysfunction, 
is probably due to a mild, but long standing increase in the right 
intra-auricular pressure. The malignant polyp in the rectum and the 
precancerous lesions of the cervix are of but histologic interest. 

Washed samples of the crystalline material from both the bladder 
and renal tubules were analyzed both before and after hydrolysis 
with hydrochloric acid. The specimens were diazotized and coupled 
with dimethyl a naphthylamine. The unhydrolyzed specimens 
remained colorless, but the hydrolyzed samples turned deep purple. 
These results were interpreted as indicating that the material from 
the bladder and renal tubules contained little or no free sulfathiazole 
but that it was largely composed of a derivative of this drug. 

Summary. Concretions obstructing the renal tubules and in the 
pelves and bladder were discovered at autopsy in a patient following 
treatment with sulfathiazole. On analysis the material was com- 
posed of a derivative of sulfathiazole. The gross and histologic 
findings in the kidneys were identical with those described by others 
as occurring in experimental animals. The probable etiologic fac- 
tors influencing the site of the precipitation of sulfapyridine and sulfa- 
thiazole crystals are discussed. Because of the intrarenal precipita- 
tion of sulfathiazole it is felt renal complications resulting from the 
use of this drug may be more serious than those following the use of 
sulfapyridine. The incidental finding of a widely patent foramen 
ovale in this 77-year-old woman is unique and to our knowledge is 
the oldest to be reported. 

Nore.—On April 9, 1940, similar necropsy observations were made at the Phila- 
lelphia General Hospital (No. 39070) on a subject from Dr. S. A. Loewenburg’s 
service. 

REFERENCES. 


(1.) Gross, P., Cooper, F. B., and Scott R.E.: Urol. and Cut. Rev., 44, 205, 1940. 
2.) Plummer, H., and McLellan, M.: J. Am. Med. Assn., 114, 943, 1940. (3.) 
Reinhold, J. G., Flippin, H. F., and Schwartz, L.: Am. J. Mep. Sc1., 199, 380, 1940. 
4.) Stryker, W. A.: J. Am. Med. Assn., 114, 953, 1940. 


| 


680 STEAD, KUNKEL! ABSORPTION OF SULPHANILAMIDE 
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Tue study of the mechanism for the regulation of the blood flow 
in the splanchnic area is of both theoretical and practical impor- 
tance. There is little information, however, concerning the factors 
which control the blood flow in the splanchnic area in normal sub- 
jects. Many of the phenomena occurring in shock and hypertension 
have been attributed, nevertheless, primarily to changes in the 
splanchnic circulation. 

The mechanisms for the control of the blood flow in the abdom- 
inal viscera may not be the type operative in the regulation of the 
blood flow in the extremities as it is already known that factors 
which greatly change the blood flow in one tissue (skin) may have 
little effect in the blood flow in another tissue (muscle).‘ 

Method. The method devised for the study of the blood flow in 
the intestine is based on the principle that the rate of absorption 
from the intestine of an easily diffusible, foreign substance is pro- 
portional to the blood flow through the mucosa. Variations in blood 
flow in the mucosa of the intestine may be studied indirectly by 
determining the absorption of a readily diffusible substance from 
the intestine by its appearance time and concentration in the blood. 
Such an indirect method will not give absolute values for the blood 
flow in the part of the intestine studied, but it should show changes 
in the blood flow above or below the basal level. The degree of 
intestinal motility and the rate of diffusion of the test substance 
out of the blood stream into the body fluids and urine are not con- 
trollable in such a method. Hence the results must be interpreted 
in light of these limitations. 

Sulphanilamide was selected as the test substance because it is 
freely diffusible in the body tissues, it does not produce local irrita- 
tion, and its concentration in the blood stream can be determined 
fairly accurately. The rapid absorption of sulphanilamide when it 
is placed in the small intestine indicates that it is absorbed directly 
into the blood stream. It was assumed that an increase in blood 
flow to the intestine above the basal rate would be reflected by 
a more rapid absorption of the sulphanilamide, while a decrease in 
blood flow below the basal rate would result in a slower absorption 
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of sulphanilamide. No attempt was made to establish the rate of 
sulphanilamide absorption in a large series of normal subjects. 
An experiment on each subject under basal conditions served as the 
control. 

All subjects were in the basal state. No fluid was given after 
9 p.m. the night preceding the experiment. A 1% solution of 
sulphanilamide at 38° C. (200 to 300 cc.) was injected directly into 
the small intestine through a Rehfuss tube which had been passed 
into the second portion of the duodenum. The position of the tube 
was ascertained by fluoroscopy. The subjects were trained to 
swallow the tube and they experienced no nausea throughout the 
procedure. Blood was collected from the antecubital vein at 2- to 
3-minute intervals for at least 20 minutes and then samples were 
taken at 5- to 10-minute intervals for 1 to 2 hours. In experiments 
in which the subjects were tilted upright the blood was drawn from 
the femoral vein. 

In a second series of experiments in which changes in the blood 
How in the colon were investigated, 300 cc. of a 1° solution of 
sulphanilamide at 38° C. were given by rectum. ‘These subjects 
received a cleansing enema at 11 p.m. the night before the experi- 
ment. Blood samples were collected from the antecubital veins. 

Both free and total sulphanilamide were determined on whole 
blood by the method of Marshall and Litchfield® using the Evelyn 
colorimeter.'. As the total sulphanilamide closely paralleled the 
free sulphanilamide, only the levels of the free sulphanilamide have 
been recorded in the charts. 

Results. Su/phanilamide in the Small Intestine. A 1% solution 
of sulphanilamide (300 cc.) was given by duodenal tube to 2 normal 
subjects and to 1 subject with postural hypotension. The subjects 
weighed 170, 190 and 159 pounds, respectively. The 300 cc. were 
given in 1.5 to 3 minutes. Figure 1 shows the free sulphanilamide 
level in the blood in these 3 subjects. In 10 to 13 minutes the sulph- 
anilamide concentration reached its peak of 6.7, 8.7 and 6.9 mg., 
respectively, at the end of 2 hours it was between 4 and 5 mg. 
per 100 cc. Two hundred cubic centimeters of a 1% solution of 
sulphanilamide were given by duodenal tube to 2 normal subjects 
who weighed 100 and 150 pounds, respectively. The sulphanilamide 
concentration reached 5 mg. per 100 cc. in 10 and 20 minutes, 
respectively. At the end of an hour the concentration was still 
approximately 5 mg. per 100 ce. 

In order to determine whether the blood flow in the small intestine 
was decreased by shunting blood to the skin, one of the normal 
subjects was placed in a fever cabinet and the rectal temperature 
was raised to 103° F. The subject was then given the same amount 
of sulphanilamide by duodenal tube. The concentration of the 
sulphanilamide in the blood was slightly but not significantly higher 
than in the control experiment. 
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In order to determine whether the blood flow in the small intes- 
tine was decreased by venous pooling in the dependent portion of the 
body, the subject with postural hypotension was given 300 cc. of a 
1% solution of sulphanilamide by duodenal tube while he was 
standing at an angle of 60° (Fig. 2). On standing, his blood pressure 
fell from the resting level of 110 mm. systolic and 70 mm. diastolic 
to a “shock level” of approximately 60 mm. systolic and 50 mm. 
diastolic. The heart rate rose from 56 to 90 beats per minute. 
The sulphanilamide level in the blood, in spite of the considerably 
decreased systemic blood flow, rose as quickly under these condi- 
tions as it had when it was administered in the horizontal position. 
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Cuart 1.—Concentration of sulphanilamide in blood in mg. per 100 cc. after the 
administration of 300 cc. of a 1% solution of sulphanilamide by duodenal tube to 3 
subjects under basal conditions. 


One cubic centimeter of pitressin was injected intramuscularl) 
into 3 normal subjects and sulphanilamide was given as before by 
duodenal tube (Fig. 3). In 2 cases the control sulphanilamide 
curve and the sulphanilamide curve after pitressin were nearl) 
identical. In the third case, the sulphanilamide concentration in 
the blood was somewhat greater after pitressin than before. 

Sulphanilamide in the Colon. Three normal subjects were given 
300 cc. of a 1% aqueous solution of sulphanilamide at 38° C. by 
rectum. The concentration of the drug in the blood stream rose 
much more slowly than when it was administered by duodenal 
tube. At the end of 1} hours the level in the blood was between 
2.5 and 4 mg. per 100 cc. and it was still slowly increasing. When 
the experiments were repeated on these same subjects after the 
intramuscular injection of pitressin, the sulphanilamide appeared 
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Cuart 2.—The effect of postural hypotension on the absorption of 300 ec. of a 
1% solution of sulphanilamide from the small intestine. Dotted line is the concen- 
tration of sulphanilamide in the blood in the control experiment which was performed 
with the subject in the horizontal position; solid line is the concentration of sulphanil- 
amide in the same subject whose blood pressure has been lowered by tilting 
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Cuart 3.—The effect of the intramuscular administration of 1 cc. of pitressin on 
the absorption of 300 cc. of a 1% solution of sulphanilamide from the small and the 
irge intestines. The pitressin was injected 10 minutes before the sulphanilamide 
vas given. The solid line=control; dotted line=after pitressin. Pitressin had no 
effect when the sulphanilamide was given by duodenum, but it caused slower absorp- 
tion when the sulphanilamide was given by rectum. 
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later in the blood and the concentration in the blood increased more 
slowly (Fig. 3). 

Discussion. When variations in blood flow to the small intestine 
are studied by the absorption of an easily diffusible substance, it 
is essential that the test substance be placed directly in the small 
intestine. Otherwise, changes in emptying time of the stomach 
will greatly modify the results. This is particularly true when col- 
lapse is induced, because nausea is a frequent symptom of the 
collapse and is accompanied by dilatation of the stomach and 
closing of the pylorus. 

When a solution of sulphanilamide is introduced into the small 
intestine, it appears in the blood in a relatively high concentration 
in a short time. At first it was thought that this probably indicated 
that the sulphanilamide was easily diffusible and that there was a 
high basal blood flow in the small intestine. A second possibility 
was, however, that the high concentration of the sulphanilamide 
in the small intestine and its rapid diffusion were sufficient to account 
for the blood levels obtained, and that the basal blood flow in the 
small intestine was slight. In a study of the blood flow of this 
nature it is essential to decide whether the resting blood flow is 
great or small. This is axiomatic because the vasoconstrictor effect 
of certain’ stimuli or drugs will be overlooked unless vasodilatation 
is present in the tissue when the control observations are made. 
Thus it is easy to overlook the vasoconstrictor effect of epinephrin 
on the digital vessels if the hand is already cold when the drug is 
injected. Likewise, if the vessels are already dilated when the 
observations are begun, stimuli which are capable of producing 
vasodilatation may seem to have little effect. Hence, arterial 
occlusions produce little reactive hyperemia in the skin when the 
vessels are already widely dilated by local heat. 

On the assumption that under the conditions of the experiment 
the rapid appearance of sulphanilamide indicated a fairly rapid 
blood flow in the small intestine, attempts were made to reduce the 
blood flow. The shunting of a portion of the blood to the skin by 
heating the body had no effect on the rate of sulphanilamide absorp- 
tion from the small intestine. Likewise, in dogs it has been shown® 
that the resting blood flow through the superior mesenteric vessels 
is not decreased by exercise. Thus it appeared that the basal blood 
flow in the small intestine was so low that when additional blood 
was needed for heat dissipation or exercise, it was not obtained by 
decreasing the blood flow in the small intestine. 

The postural experiment in which the mean arterial pressure was 
lowered again indicates that the basal blood flow to the small 
intestine is low. When the mean blood pressure was lowered, the 
absorption of the sulphanilamide was still rapid. The blood flow 
to areas with a large blood supply usually decreases as the blood 
pressure falls. In the hand with the vessels widely dilated by local 
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heat the blood flow falls for two reasons: 1, reflex vasoconstriction; 
2, fall in pressure head. Smith® has shown that the blood flow 
through the kidney, an organ in which the resting blood flow is 
high, is reflexly decreased when blood is pooled in postural experi- 
ments even though the mean arterial pressure does not fall. How- 
ever, in organs in which the resting blood flow is low it is not possible 
to predict exactly what effect postural hypotension will have on 
the blood flow for, as the vessels are already constricted, it is much 
easier for them to compensate for a drop in pressure by a slight 
degree of vasodilatation than it is for organs in which vasodilatation 
is already present. 

The experiments with pitressin indicated that it had little effect 
on the blood flow to the resting small intestine. In the colon, on 
the other hand, pitressin definitely slowed the absorption of the 
drug. It is difficult to say whether this was the result of direct 
vasoconstriction or whether the vasoconstriction was produced by 
clamping off of the vessels in the wall of the colon during the periods 
of increased peristalsis caused by the pitressin. Animal experiments, 
in accordance with observations on man here reported, indicate 
that pitressin has a more powerful action on the colon than on the 
rest of the intestinal tract.’ 

At the onset of this study it was felt that a decreased blood flow 
to the small intestine in cases of shock might explain some of the 
variations in absorption of sulphanilamide and sulphapyridine 
which are frequently observed in patients. However, in postural 
collapse sulphanilamide enters the blood stream rapidly and a 
satisfactory blood level is obtained despite the increased venous 
pooling and fall in blood pressure. It is probable that shock ad- 
versely affects the absorption of the drug chiefly by prolonging the 
emptying time of the stomach rather than by interfering with the 
absorption of the drug once it has reached the small intestine. 

Summary and Conclusions. 1. The blood flow in the human intes- 
tine has been investigated by determining the appearance time and 
the concentration curve in the blood of free sulphanilamide when a 
known amount of sulphanilamide in solution is introduced directly 
into the small intestine or colon. 

2. Under basal conditions a blood level of 6 to 8 mg. per 100 ce. 
of free sulphanilamide was obtained in 10 to 13 minutes when 300 ce. 
of a 1% solution of sulphanilamide were placed in the duodenum. 

3. Heating the body or inducing collapse in a subject with pos- 
tural hypotension did not alter the curve of sulphanilamide in the 
blood. This is interpreted as indicating that the basal blood flow 
to the small intestine was low and that the rapid appearance of 
sulphanilamide in the blood was the result of its rapid diffusion. 

4. Under basal conditions sulphanilamide was absorbed much 
more slowly from the large bowel. When 300 cc. of a 1% solution 
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of sulphanilamide were gi\ en rectally the blood level rose to between 
2.4 and 4 mg. per 100 cc. at the end of 13 hours. 

5. Pitressin failed to influence the rate of absorption of sulphanil- 
amide when the substance was given by duodenal tube. Pitressin 
caused a delay in absorption when the sulphanilamide was placed 
in the large bowel. 

6. The rapid absorption of the sulphanilamide in the collapse 
induced by the upright position in a subject with postural hypo- 
tension suggested that even in shock sulphanilamide diffuses so 
rapidly that it is adequately absorbed once it is present in solution 
in the small intestine. Dilatation of the stomach and closure of the 
pylorus may, however, prevent the drug from reaching the small 
intestine. 

The determinations of the sulphanilamide concentration were done by Miss Sophia 
M. Simmons, B.S. 
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As part of a study in which the nutritional status of 100 families 
of widely varying cash incomes was investigated concurrently with 
food intake,’ photometric measurements were made on all persons 
of 6 years of age or older in the various families, for the purpose of 
relating their response to this test with vitamin A intake. Other 
comparisons also were made, including the relationship between 
response to the photometric tests and cash income, money spent for 
food, and education of the various families. 
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gree of Doctor of Philosophy in the Department of Home Economics, under the 
direction of the senior author, Pauline Beery Mack, who is Director of Research in 
Home Economics at the Pennsylvania State College. 
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A total of 418 individuals in 100 families was included in the 
study, of which $27 persons were sufficiently old to take the pho- 
tometer tests. 


Photometric Procedure. The investigation was carried on from July, 
1935, to August, 1937, as part of a long-time study on the dietary habits and 
nutritional status of representative Pennsylvania familes. When the work 
was begun, no instrument specifically designed to measure darkness adapta- 
tion in relation to vitamin A status was available. Jeans and Zentmire” ” 
had described the use of an electrically illuminated Birch-Hirschfeld 
photometer, not originally made for this purpose, in the clinical examina- 
tion of subjects for moderate degrees of vitamin A deficiency. The method 
suggested by these authors was adopted in this study, and members of 81 
of the families were tested by the Jeans technique. 

The remaining 19 families were examined by means of the biophotometer, 
first described by Jeans, Blanchard, and Zentmire.’ These families were 
distributed throughout the various cash income groups. 

The use of the Birch-Hirschfeld photometer as an instrument for evaluat- 
ing darkness adaptation has been described by Jeans and Zentmire,“ by 
Bigwood,' and by Mack and Smith.*? Two tests were made with the sub- 
jects by the use of the Birch-Hirschfeld photometer after the method of 
Jeans, the first test after the subject had looked for 5 minutes at a white 
screen placed at a standard distance in front of him, and illuminated by a 
200-watt Mazda lamp behind his back and shining over his shoulders, and 
the second after a 10-minute subsequent period in darkness. In preliminary 
trials made before the study of the family members was begun, it was found 
that the test following bright light exposure should be made at a 
precise time after exposure, because ability to see changes rapidly when a 
subject has been placed in darkness immediately after bright light exposure. 
A time of between 20 and 25 seconds was chosen for taking this test, and the 
time was judged with a stop-watch which was started at the same instant 
as the room was darkened for the test. 

Since no calibrations in terms of light intensity were furnished with the 
Birch-Hirschfeld photometer, but merely the transmission of the wedge, 
the instrument was calibrated for every combination of wedge and iris 
setting by means of a Weston Photronic Cell No. 594, fitted with a Corex 
Visual Correction Color Filter, using the method of Fogle.* The calibra- 
tion was accurate within the limits of the method of procedure—this was 
made on the entire glass field over which the plate bearing the five circular 
openings was placed during the test. The luminosity of the center dot was 
then calculated on the basis of the comparison of the area with the whole 
field. This introduced a slight error in that the rate at which the light 
changed over the entire area, as the iris was opened or closed, was different 
from that at which the intensity of the small center dot was changed. 
The center dot could not be used alone in the calibration, however, because 
it did not transmit sufficient light to be recorded when focused on the photo- 
electric cell of the calibrating device. 

When the biophotometer was substituted for the Birch-Hirschfeld instru- 
ment, readings were taken with the new instrument: (a) upon entry of the 
subject into the darkroom in which the tests were givens (6) after a 10- 
minute period of rest in the darkroom; (c) after a 5-minute exposure of the 
subject’s eyes to light shining through a luminescent screen within the 
instrument, the test in this instance being made between 20 and 25 seconds 
after the close of the exposure interval, and (d) after 2}-, 5-, 74}-, and 10- 
minute periods of subsequent darkness adaptation. The only results given 
in the present report, however, are those corresponding to the tests of the 
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older instrument, namely, the test after 5 minutes of bright light exposure, 
and that following the 10-minute subsequent period in darkness. 

As mentioned previously, the members of the 19 families tested with the 
biophotometer were scattered throughout the socio-economic range. 
Whether the results obtained with the 81 families with whom the older 
instrument was used were analyzed separately, or whether the data for all 
100 of the families were considered as a whole, the same positive correla- 
tions between response to the test and family intake of vitamin A were 
obtained. 

Method of Determining Vitamin A Intake. The unit composition of each 
family was ascertained by the method of Stiebeling and Phipard.’ This 
consisted, in brief, of calculating from the number of meals eaten at home by 
the different members of the family during the week the equivalent in terms 
of the number of unit persons eating at home for seven 3-meal days during 
the week. The average content of the diet per unit person in each family 
was then determined by dividing the average total weekly vitamin A con- 
tent of the family diet by the family equivalent in unit persons eating 21 
meals, or 3 meals a day for 7 days, at home during the week. This gave the 
vitamin A intake per unit person per week, for each of the 100 families. 
The quotient obtained by dividing this by 7 was the average vitamin A 
intake per unit person per day. The vitamin A content of the diet is re- 
ported in international units. 

The weekly vitamin A intakes of the families may be regarded as esti- 
mated vitamin A intakes, since they were calculated from tables of average 
food values based on analyses of investigators of recognized standing, 
although samples of the family dietary were not themselves analyzed for 
vitamin A content in this study. The dietary records used in the calcula- 
tions consisted of grocery slips, company books, and housewives’ tabula- 
tions of amounts of various foods served and discarded. Total family intake 
only was recorded—no attempt was made to record the food eaten by indi- 
vidual family members because of limited personnel available for assistance 
in the study. The family was visited from two to six times throughout the 
period of record-keeping by one of the authors. The family dietary intake 
was kept for a 3-month period for the first 40 families. After the data from 
these records were analyzed, it was found that little variation occurred 
from week to week during the time covered, which was continuous within 
one season of the year. For the remaining 60 families, records were kept 
for a 2-week period only. 

Seasonal distribution of families studied was such that some families from 
each income group were analyzed at each of the various times of the year. 
Because the photometer tests and the food intake were recorded for identical 
periods of the year for each family, comparisons between response to the 
former test and vitamin A intake are considered altogether appropriate. 

Methods of Reporting Cash Income and Educational Ratings of Families, 
and Amounts Spent for Food by Families per Unit Person per Meal. The 
families are reported as having Cash Income Rating 1, if they had annual 
incomes ranging from $20,000 to $5,000 annually; Rating 2, from $4,999 to 
$2,500; Rating 3, from $2,499 to $1,000; Rating 4, below $1,000, but not on 
direct relief; Rating 5, on direct governmental relief. 

The arbitrary educational ratings to which the families were assigned 
were as follows: Educational Rating 1 was given to those families in which 
all adult members (persons 19 years of age or over who were not continuing 
their education) were college graduates, one or more with a Ph.D. degree; 
Rating 2, to those in which all adults were college graduates, one or more 
with a master’s degree; Rating 3, to those in which all adults were college 
graduates with a bachelor’s degree; Rating 4, to those in which one adult 


was a college graduate; Rating 5, to those in which all adults had had some 
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special training beyond high school (nurse’s course, trade school, or other 
non-college training beyond high school); Rating 6, to those in which all 
adults were high school graduates, at least one with some special training 
beyond high school; Rating 7, to those in which all adults were high school 
graduates; Rating 8, to those in which at least one adult was a high school 
graduate; Rating 9, to those in which at least one adult had passed the 
eighth grade; Rating 10, to those in which none of the adults had passed 
the eighth grade. 

In resolving the families to a common basis with respect to the amount 
spent for foods of various types, the unit-person content of each family 
was computed from a scale of comparative food costs for persons different 
in sex, age, and activity, in which the expenditure for food of a moderately 
active man of the same description as was used in establishing arbitrary, 
relative nutrient-requirement standards was taken as the unit. As a means 
of calculating comparative expenditures for different individuals, the scale 
of relative food-expenditure values suggested by Stiebeling and Phipard® 
was used; this was based upon dietary studies made at the U. 8. Bureau of 
Home Economies. 

Results of the Study. (Correlation Between Photometer Tests 
and Vitamin A Intake. In relating the bright light test and the 
darkness regeneration test to vitamin A intake for the entire 100 
families, irrespective of the arbitrary sub-groups later described 
into which each fell, it was found that the correlation coefficient 
was +0.57, with a probable error of =0.0454. Since the coefficient 
of correlation was more than 6 times its probable error, it was con- 
sidered significant. The correlation coefficient of the darkness 
regeneration factor as related to the vitamin A intake of the entire 
100 families was +0.57 +0.0454, also a significant correlation. 

When the bright light factor was related to the darkness regenera- 
tion factor for each of the 100 families, a correlation coefficient of 
+0.85 +0.019 was found, which indicates a highly significant 
correlation. 

In establishing a definite correlation between the vitamin A 
intakes of families of various dietary habits and their responses to a 
photometric test, the authors confirm the early work of Jeans and 
Zentmire*? with the Birch-Hirschfeld photometer, and that of 
leans, Blanchard, and Zentmire® in their introduction of the bio- 
photometer, and of their findings by the use of this instrument with 
orphanage children; of Jeghers,® who studied responses of medical 
students to a biophotometer test in relationship to their dietary 
habits, and who produced vitamin A deficiency in an experimental 
subject and noted the progress of the deficiency and its recovery 
by means of a biophotometer; and of Maitra and Harris* who used 
the Birch-Hirschfeld instrument in studying the vitamin A status 
of London and Cambridge school children and noted their favorable 
response to vitamin A therapy as shown by improvements in tests 
vith this instrument. 

Comparison of Vitamin A Intake of Families in Different Arbitrary 
(rroups of Responses to Photometer Bright Light Test. The families 
vere divided into three arbitrary groups with respect to average 
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response to the photometer test following bright light exposure. 
This division was made on the basis of the range of average response 
of the families to the test, and without reference to assumed normal 
or abnormal responses. 

The first, or best group (hereinafter designated as Group I) was 
composed of 14 families, in which the average family light require- 
ment constituting the end-point of persons of 6 years of age or over 
was ().6 millifoot candles or less. The second group (Group II) 
included 45 families, the members of which required from 0.7 to 
5.0 millifoot candles to observe the end-point when taking the test 
following bright light exposure. The third group (Group III), or 
that in which the poorest response to this test was shown, included 
41 families averaging over 5.0 millifoot candles as their end-point. 
The relationship of the average responses of the three groups of 
families, separated as to their average bright light factor, to vitamin 
A intake, to the average darkness regeneration factor, to average 
annual cash income, to the average amount spent for food per unit 
person per meal, and to the family educational rating are shown in 
Chart 1. 

The statistical method of Fisher? was used to compute the prob- 
able significance of the differences between the average vitamin A 
intake per unit person per day in the families of the three bright 
light factor groups. In this analysis, the comparisons of vitamin A 
intake were based on the average vitamin A intake per unit person 
for each family; the mean photometer test of the different members 
of the family who were given the test was used as the basis for 
classifying the families into the respective groups. It was found by 
this statistical procedure that the odds are greater than 100 to 1 
that the difference is significant between the vitamin A intake of 
families taking the best photometer test with respect to the bright 
light response (Group I, giving a bright light test of 0.6 millifoot 
candles or less) and that of families in the second best group on the 
basis of this test (Group II, having a bright light factor from 0.7 
to 5.0 millifoot candles, inclusive)—obviously a highly significant 
difference. Furthermore, there was a high degree of significance 
odds were more than 100 to 1—of the difference in vitamin A intake 
between families of Group I and Group III, the latter including 
families averaging more than 5.0 millifoot candles in the bright 
light test. The difference in average vitamin A intake per unit 
person per day was not significant between Groups II and III, 
when the families were grouped on the basis of the bright light 
factor. The average vitamin A intake per unit person per day in 
the three groups was found to be 16,482 international units for 
Group I with a standard error of + 2,104; 10,775 for Group IT with 
a standard error of +1,174; 9,984 for Group III with a standard 
error of +1,031. 

At first glance, the average vitamin A intake per unit person 
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seems high for all three of the groups classified by the photometer’s 
bright light factor, particularly for the poorest group, since the aver- 
age for this group is higher than various of the tentative requirements 
which have been suggested by different investigators for a unit 
person of the same specifications as were used in this study. It 
must be considered in this connection, however, that all of the family 
averages within any one group were not the same as the group 
average, and that the minimum family vitamin A average intakes 
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Cuart 1.—Vitamin A intake per unit meal (per unit person per meal), response 
to photometer tests, cash income, money spent for food, and education of families 
grouped according to response in bright light tests. 


in the three groups were 8,180, 1,052, and 1,954 international units 
per person per day, respectively. It must be remembered further 
that any excess of vitamin A consumed by some of the families of 
one of the arbitrary groups was of no value to any of the families in 
this group receiving a lesser amount of this nutrient. None of the 
averages of vitamin A, therefore, are to be regarded as necessarily 
desirable amounts of this dietary component. 

The three family groups, separated with respect to their response 
to the photometer test after bright light exposure, are graphed in 
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Chart 2 as to their comparative vitamin A intakes per unit person. 
Krom this it is shown that the majority of the families in Group I 
received 12,000 or more international units of vitamin A per unit 
person per day, whereas no family averaged below S000 units. In 
Group II, more than three-fourths of the families received less than 
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CHART 2.— Percentage distribution of families as regards vitamin A intake. grouped 
according to the bright light factor. Group I included families giving the best and 
Group III the poorest average responses to this part of the photometer test. 


12,000 units, daily, and more than half of the families received less 
than 7999 international units of vitamin A per unit person per day. 
In Group III, a larger percentage of the families had vitamin A 
intakes less than 5000 units than did the other groups, and more than 
three-fourths of the families received less than 12,000 units daily 
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‘The apparently large consumption of vitamin A by some of the 
families in the lower groups of response to the bright light photom- 
eter test may be accounted for either by the fact that tables of 
averages from which the vitamin A values of the dietaries were cal- 
culated may not account for some of the losses in vitamin A content 
of foods from various causes, such as conditions of production, of 
storage, or of preparation, or by the fact that variations undoubt- 
edly are to be found in the utilization of this vitamin by different 
individuals. 

The uniformity among the various family members with respect 
to their response to the bright light test is interesting. In Group I, 
all of the members of 85° of the families were within the group 
limits of this test, with only one member of each of the remaining 
families found in the group next below that of the family average. 
In Group II, all of the members of 42% of the families were found 
within the limits of the group as a whole, while 30° of the families 
had one member in the class next below that of the group, 11% had 
one member in the class next higher, 11° had more than one 
member in the class next below that of the family average, and 2% 
had more than one member in the class next above that of the group 
in which the family average with respect to this test was found. 
In Group ITI, only 26°% of the families had all of their members with- 
in the group limits, while the remainder had one or more family 
members in the other photometer response groups. Thus, a high 
degree of uniformity of response to this test was found in members 
of families giving a high response to the test, with a progressive 
decrease in uniformity as the average family response to the test 
became lower. 

Comparison of Vitamin A Intake of Families in Different Arbitrary 


Groups of Response to Photometer Darkness Regeneration Tests. The 


families were divided into three classes on the basis of their average 
response to the darkness regeneration tests; the divisions were 
based approximately on the range of responses of the families in the 
groups with respect to the bright light tests. The first group con- 
sisted of families of which the average darkness regeneration test 
was (0.05 millifoot candle and under. The second group had average 
tests ranging from 0.06 to 0.9 millifoot candles, inclusive, and the 
third group, over 0.9 millifoot candles. There were 18 families in 
the first, 31 families in the second, and 51 families in the third group. 
Sixty-nine of the families fell in the same respective groups in the 
two tests, and 31 of the families fell in one group lower or higher with 
respect to the darkness regeneration test than they did in the test 
following bright light exposure. 

In Chart 3 there is shown the average response to the photometer 
tests, the average vitamin A intake per unit person, and the aver- 
ages for the three socio-economic factors—cash income, amount 
of money spent for food per unit person per meal, and average 
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family educational rating —when the families were grouped into the 
three photometer darkness regeneration groups. The vitamin A 
intake of the families of Group I was 14,307 international units per 
unit person per day, with a standard error of +1,931 units; that 
of the families of Group II was 11,999, with a standard error of 
+ 1,521; and that of Group III was 9,714, with a standard error of 
+984 international units. 
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Cuart 3.—Vitamin A intake, response to photometer tests, cash income, money 
spent for food per unit meal (per unit person per meal), and education of families 
grouped according to response in darkness regeneration tests. 


Again using the method of Fisher,’ it was found that the difference 
between the average vitamin A intake per unit person per day of 
the families of Group I (the highest with respect to the darkness 
regeneration factor) and that of the medium group (Group IT) with 
respect to vitamin A intake, and that between Groups II and III 
were not significant. The difference between the best and the 
poorest groups (I and III), however, was found to be highly sig- 
nificant, by odds greater than 100 to 1. 

The distribution with respect to vitamin A intake of the families 
within each darkness regeneration group is shown graphically in 
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Chart 4. In this figure it is seen that the families are more widely 
scattered throughout each of the groups than was the case with 
the groups based on the bright light test. In common with the 
bright light response groupings, however, there is a tendency for 
percentages of families in the lower vitamin A consumption sub- 
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Cuart 4.— Percentage distribution of families as regards vitamin A intake, grouped 
according to the darkness regeneration factor. Group I included families giving the 
best and Group III the poorest average responses to this part of the photometer test. 


divisions to become progressively larger and those in the higher 
vitamin A intake sub-groups to become progressively smaller from 
Groups I to III. 

Relationship Between Response to Photometer Tests and Cash 
Income, Money Spent for Food, and Educational Ratings of Families. 
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It is apparent from Chart | that there is a relationship between 
the average responses of the families in the study to the bright light 
test and their cash incomes, the money which they spent for food, 
and their educational ratings. The highest group on the basis of 
this test consisted of families averaging $9,307 a year; the second 
group $1,907; and the lowest $1,713, with average income group 
ratings of 1.3, 3.1, and 3.7, respectively. The amount spent for 
raw food per unit person per meal ranged from $0.179 in the highest 
bright light photometer response group to $0.121 in the lowest. 
The educational rating of the highest group was 3.3, that of the next 
group was 6.0, and that of the poorest was 6.8. 

A calculation of the percentage distribution of the families with 
respect to education of adult members showed that all of the families 
in Group I with respect to the bright light test were in the first two 
classes educationally. About half of the families in the second of 
the bright light groupings were in the lowest educational class, with 
the other half scattered through the other classes. In the poorest 
bright light group 63% of the families were in the lowest educational 
class, with the remainder scattered through the other four classes. 
Similar results were obtained by comparing the financial and educa- 
tional status of the families with their response to the darkness 
adaptation part of the photometer test. 

Although cash income, food expenditure, and educational status 
are undoubtedly closely associated with each other and with a choice 
of diet, unpublished data from the laboratory of the authors have 
shown that higher food expenditure and better education rating of 
the adult members of a family are independently related in a causal 
manner with a good selection of foods. 

Summary. lefinite relationships have been shown between the 
average vitamin A intake in the diet per unit person and the response 
to photometer tests of members of 100 Pennsylvania families. Cash 
income, money spent for food, and the education of adult members 
of the family have been shown to be related to the vitamin A con- 
sumption of the family, and to the consequent response of family 
members to the photometer test. 

If the highest type of response to the photometer test as given 
in this study is to be regarded as desirable, as is generally assumed, 
the study points to the fact that many families, particularly those 
in the lower socio-economic groups, are not selecting foods with a 
satisfactorily high vitamin A content. The study indicates further 
that a larger estimated vitamin A content of the diet per unit person 
(as calculated from food analysis tables) may be needed than is 
generally recommended, if the best darkness adaptation results 
are to be achieved. 

Although a few of the families in the poorer groups (classified 
on the basis of response to the darkness adaptation tests) were 
receiving 12,000 international units of vitamin A or more per unit 
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person daily, the greater majority were receiving less than this 
amount and almost half were receiving less than S000 units. More- 
over, no families receiving less than SOOO international units of this 
vitamin were in the highest class with respect to the bright light 
test, and few were receiving less than this amount who were in the 
best class on the basis of the darkness regeneration test. In other 
words, poor darkness adaptation is apparently possible with high 
vitamin A intake (as calculated from dietary records), whereas 
good response is not possible with a low intake. 

Good average responses to the photometer tests were associated 
not only with uniformly high intakes of vitamin A, but with a greater 
degree of uniformity of response to the tests throughout the mem- 
bers of a certain family, a situation which is characteristic of bio- 
logic material in general in which a greater uniformity is found 
the more nearly an optimum condition is achieved with respect to 
a certain factor. 
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THE widespread occurrence of Coenzyme I (diphosphopyridine 
nucleotide) and Coenzyme II (triphosphopyridine nucleotide) in 
animal tissues and the prominent rdle played by these substances 
in many metabolic processes have been repeatedly demonstrated. 
These coenzymes function as carriers in numerous oxidative sys- 
tems which involve the transfer of hydrogen from metabolite 
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through a series of intermediate stages to molecular oxygen. The 
nicotinic acid amide portion of the coenzyme molecule may be 
reversibly oxidized and reduced and serves as the site of hydrogen 
transport. The possible réle of Coenzyme I in phosphorylation 
processes further accentuates the importance of these compounds 
in cellular metabolism. 

The importance of nicotinic acid and certain of its derivatives 
in bacterial nutrition has been established by Knight,'° Mueller," 
Koser et al.,° and Fildes.* Elvehjem et al.‘ have shown that nicotinic 
acid is the specific cure for the characteristic “black tongue”’ syn- 
drome observed in dogs fed the Goldberger diet. The importance 
of this vitamin in the nutrition of the monkey and pig has since 
been recognized.*:* Finally, the relationship of nicotinic acid to 
human pellagra has now been abundantly demonstrated. 

The fact that nicotinic acid amide is a constituent of the pyridine 
nucleotides has led to the logical assumption that at least one of 
the functions of nicotinic acid in the organism is to serve as a com- 
ponent of the coenzyme molecule. Such a relationship has been 
observed in the case of bacteria by Knight" and Fildes,* and in the 
higher animals by Axelrod, Madden, and Elvehjem.2. The latter 
authors demonstrated a decrease in the Coenzyme I content of the 
liver and muscle of both the dog and the pig in an uncomplicated 
nicotinic acid deficiency. Vilter, Vilter, and Spies'**® noted a 
decrease in the Factor V (Coenzymes I and II) content of the blood 
of pellagrins and of diabetics suffering from severe acidosis. Kohn," 
using the same bacteriological method, has been unable to confirm 
the findings of the above authors relative to pellagrins. In partial 
confirmation of Kohn, Axelrod, and Elvehjem” have failed to 
observe a decrease in the Coenzyme I content of the blood of dogs 
manifesting an extreme degree of nicotinic acid deficiency. 

Kohn and Klein," using a bacteriologic assay method for Factor 
V, have shown that the concentration of this substance in human 
blood can be increased by the ingestion of large amounts of nicotinic 
acid. The “in vitro” synthesis of Factor V from nicotinic acid was 
also demonstrated. We have made a similar study using the more 
specific yeast fermentation method of von Euler’ and Myrbiick'® for 
the estimation of Coenzyme I. The results of this study form the 
basis for the present report. 


Experimental. Blood was drawn by venepuncture and was placed in an 
oxalated flask. The analyses for Coenzyme I were carried out on the washed 
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Fig. 1.—Errect or Feepine 100 Ma. or Nicotinic Actp Day To 5 
Supsects AND 750 Ma. per Day To 1 PELLAGRIN UPON THE COENZYME I CONTENT 
or Bioop. 

The first arrow designates the beginning and the second arrow the end of nicotinic 
acid administration. Blood Coenzyme I determinations were made at the points 
indicated. 
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red blood cells according to the technique described by Axelrod and Elveh- 
jem.'¢ Hematocrit values were determined and the Coenzyme I content 
of the whole blood was calculated 

Five healthy subjects maintained on an otherwise normal diet received 
orally 100 mg. of nicotinic acid daily. Coenzyme I levels were determined 
for all of these individuals prior to the period of nicotinic acid administra- 
tion. The dosage was continued for 1 to 2 weeks and the blood Coenzyme I 
levels were followed during this time. The results are indicated in the 
accompanying figures (Fig. 1 
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Fig. 2.—Errect or Feepine 1800 Ma. or Nicotintc Actp WiTHin 16 Hours Upon 
THE COENZYME I CoNTENT OF BLOOD. 
Arrows mark the beginning and end of nicotinic acid administration. 


Two normal subjects were each given 1800 mg. of nicotinic acid 
over a period of 16 hours (200 mg. every 2 hours) and the response 


DAYS 


702 AXELROD, GORDON, ELVEHJEM: 


in the Coenzyme I level of the blood noted. Blood samples were 
taken 8 and 25 hours after the administration of the initial dose of 
nicotinic acid (see Fig. 2). The striking vasodilating effect of nico- 
tinic acid in both normal and pellagrous individuals was noted 
throughout these experiments. It was particularly troublesome 
when 1800 mg. of the vitamin were administered within 16 hours. 


Pellagrin (F.M.). This patient, a 28-year-old unmarried colored woman, 
was admitted to the hospital complaining of attacks of dizziness. She had 
received violent trauma to the jaw 5 months previous to admission, resulting 
in a fracture with moderate deformity and failure of union. Because of 
this fracture and inability to use her jaws, she had subsisted wholly on 
liquids for 2 months and very little solid food during the entire 5-month 
period. More specifically, she consumed no vegetables, very little milk, 
almost no cereal and no meat during this entire time. Examination re- 
vealed marked emaciation. Her tongue and buccal mucous membranes 
were fiery red and very sore. Vincent’s infection was evident over the gums. 
Skin over the hands, elbows, and feet was markedly thickened, cracked, and 
bleeding. There was definite muscular weakness with a suggestion of spas- 
ticity. Her mental state was very confused and she was almost maniacal 
at times. She was so belligerent upon admission that history and physical 
examination were difficult to obtain. 

Laboratory studies showed a vitamin C level of 0.16 mg. per 100 ce. 
vitamin A of 1.42 “L”’ Units, prothrombin time of 100°% and hemoglobin 
of 11 gm. per 100 cc. The blood Wassermann reaction was positive. 


Coenzyme I studies were begun immediately after admission and 
were continued during the period of intensive therapy with nicotinic 
acid. The clinical response to this medication was immediate, with 
clearing of the mouth lesions and improvement of the mental state 
within 24 hours. Improvement in the skin lesions followed more 
slowly. An increase of 12 points in the patient’s psychometric test 
was noted immediately after improvement in the mouth lesions 
had begun. 

Results of the Coenzyme I studies are given in Table 3. 


TABLE 1.—EFFECT OF THE ADMINISTRATION OF VARYING AMOUNTS OF NICOTINIC 
Acip Upon THE COENZYME I CONTENT OF BLOoOob. 


Initial Maximum 

Coenzyme I, Coenzyme I, 

mg. per 100 mg. per 100 Per cent Period of 
Subject. ce, ec. increase administration 
E.G.* . 3.5 5.3 49 15 days 
M. M.* 3.9 5.1 31 10 
2.5 4.9 96 
M. K.* 1.9 4.9 150 7 
M. E.* . 2.7 5.4 100 8 
C. P.t 2.5 6.3 152 16 hours 
Ss <a 1.8 7.4 310 16 
F. M.t. 3.4 8.3 144 30 days 

(pellagrin) 


* Given 100 mg. per day. 

+ Given 1800 mg. 

t Given 750 mg. per day. 

Discussion. It is evident from the data presented that the 
Coenzyme I content of human blood can be increased by feeding 
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excessive amounts of nicotinic acid. These results are in complete 
agreement with those obtained by Kohn." Supplementation of the 
normal diet with 100 mg. of nicotinic acid daily over a period of 10 
days produces an average increase of 85% in the Coenzyme I con- 
tent of the blood. The rate of this increase varies with the individ- 
ual, as does the rate of return to normal after the period of adminis- 
tration of the vitamin has been completed. In general, the response 
to 100 mg. of nicotinic acid daily is not rapid and is followed by a 
slow drop to the normal Coenzyme I level after the nicotinic acid 
administration has ceased. 

The rapid response following the ingestion of 200 gm. of fresh 
liver by one subject (M. K.) is very interesting. The degree of this 
response cannot be accounted for on the basis of the nicotinic acid 
content of the liver alone. The presence of other members of the 
vitamin B complex in the liver may be contributing factors (Vilter, 
Vilter, and Spies'™). 

A very large and rapid rise in the Coenzyme I level of the blood 
follows the feeding of 1800 mg. of nicotinic acid over a period of 
16 hours. In the two normal subjects studied, increases of 310 
and 152% were observed within 48 hours after the administration 
of the vitamin. In the one case studied completely, a fairly rapid 
fall was noted soon after the maximum peak was reached. 

The blood of pellagrin F. M. was normal in respect to its Coen- 
zyme | content before nicotinic acid therapy was begun. This 
observation checks that of Kohn and indicates that Coenzyme I 
analyses of blood cannot be used as a diagnostic test for pellagra. 
An increase of 144°% was obtained after the administration of 2 gm. 
of nicotinic acid over a 4-day period. This level was maintained 
for 1 month by the daily feeding of 750 mg. of nicotinic acid. 

It is not reasonable to assume that the rapid rise in the Coenzyme 
I content of blood resulting from the administration of large amounts 
of nicotinic acid is caused by increases in the number of newly- 
formed cells containing abnormally large amounts of Coenzyme I. 
No change in hematocrit values was ever noted. We are inclined 
to the view that the nicotinic acid diffuses into the red blood cell 
from the plasma and is there utilized for the synthesis of the pyridine 
nucleotides. All of the Coenzyme I is confined to the corpuscles. 
Thus the rate of Coenzyme I synthesis would be a function of the 
nicotinic acid concentration of the plasma, the rate of diffusion of 
nicotinic acid into the red blood cell being the controlling factor. 
Such a mechanism would explain the results obtained when different 
levels of nicotinic acid were fed. A similar mechanism has been 
suggested by Kohn and Klein.” A complete answer to this problem 
must await the results of studies correlating the rate of formation 
of Coenzyme I in the red blood cell with the nicotinic acid concen- 
tration of the plasma. This type of study would also tend to clarify 
the present uncertainty regarding the explanation of the rapid fall 
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in Coenzyme | level after the feeding of large amounts of nicotinic 
acid has ceased. Is the normal rate of inactivation of Coenzyme | 
within the cell increased because of the presence of abnormally 
large amounts of that substance or does the increase in the rate of 
diffusion of Coenzyme I into the plasma account for the rapid fall 
in Coenzyme I level? The fact that neither of the pyridine nucleo- 
tides is ever detected in the plasma may be accounted for by the 
rapid inactivation of these substances by enzymes in the plasma. 
The usual course of cell destruction with the subsequent formation 
of red blood cells containing the normal amount of Coenzyme | 
does not seem to account for the rapid fall in Coenzyme I level. 
We find it difficult to accept the statement offered by Kohn" that 
“some fundamental difference exists between the initial V-factor 
found in the corpuscle and the increment which is rapidly added.”’ 

The fact that the Coenzyme I level of blood can be increased 
by the ingestion of large amounts of nicotinic acid leads to the 
belief that the coenzyme content of other tissues of the body may 
be influenced in the same manner. It has been demonstrated by 
Axelrod, Madden, and Elvehjem,? that this cannot be accomplished 
in the case of rat tissues, but the analogy should not be carried over 
into the case of the human species since present lines of evidence 
indicate that the rat can synthesize nicotinic acid while the human 
certainly cannot perform such a synthesis. The possible effects of 
an increase in the Coenzyme I level of body tissues with a corre- 
sponding increase in the general metabolic activity of these tissues 
becomes an interesting speculation. 

The failure to observe a decrease in the Coenzyme I level of the 
blood of dogs suffering from nicotinic acid deficiency checks with 
the finding that the Coenzyme I level of blood does not decrease 
in human pellagra. However, other tissues of the dog (liver and 
muscle) do show a marked decrease in their Coenzyme I content, 
and it is entirely conceivable that the corresponding tissues of a pel- 
lagrin also possess a lowered coenzyme content. 

Summary. . 1. The Coenzyme I level of blood can be increased 
by the ingestion of large amounts of nicotinic acid. 

2. The observed increases in the Coenzyme I level of blood vary 
with the amount of nicotinic acid fed. 

3. The results of this study indicate that there is no diagnostic 
value to be obtained from determinations of Coenzyme I in border- 
line cases of deficiency disease. 
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DIABETES as a disease seems definitely to be most prevalent and 
most severe among people living in middle temperate latitudes, and 
to become more benign and less frequent toward tropical warmth.° 
In middle temperate latitudes the disease also seems less trouble- 
some during the lowered metabolic stress of summer warmth, but 
no statistics supporting this milder summer course have yet been 
published. In this brief note we wish to present an assay of the part 
season plays in diabetes severity at Cincinnati. 

Feeling that frequency of hospital admission would provide a 
fairly valid index of disease severity, we surveyed the records of 
1094 diabetic patients admitted to this hospital from May, 1923, to 
October, 1938, noting the month and year of hospital admission 
and any important complications that were present. Since circula- 
tory stress and arteriosclerotic heart failure have been shown! to be 
unfavorably influenced by the winter season, we set aside for sepa- 
rate analysis the cases coming in because of sclerotic or vascular 
complications. Table 1 shows the distribution of admissions by 
year, sclerotic and non-sclerotic, as they occurred summer and win- 
ter. Case frequency within each year was too low for dividing the 
the vear into its four regular seasons, so we have restricted ourselves 
to a single division of each year. The winter division was taken to 
include the 7 months, October to April, or 58.15% of the year, the 
remaining 5 being classed as summer, 41.85% of the year. This 
uneven division was made because April in Cincinnati maintains 
the storminess and weather stress of winter, with little of the relaxing 
effects of summer warmth. 

To investigate the effect of season upon admission frequency, 
we have compared the observed numbers of sclerotic and non- 
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sclerotic admissions in summer and winter with a normal distribu- 
tion of case frequency, 7. ¢., 58.15% for winter and 41.85% for sum- 
mer if season plays no part. In Table 1, we see that in 13 out of the 
15 years the percentages of winter admissions because of sclerotic 
complications rise above the normal 58.15%, leaving only 2 of the 
15 years in which the summer admissions because of sclerotic com- 
plications rise above the normal expectancy of 41.85%. With non- 
sclerotic admissions, on the other hand, the number of summer 
admissions exceed the expected 41.85% in 11 out of the 15 years, 
only 4 years showing winter admissions above the expected 58.15%. 
The non-sclerotic admissions deviated much less from their expected 
seasonal distributional percentages, however, than did those coming 
in for sclerotic complications. 

TABLE 1.—ADMISSIONS OF DIABETIC PATIENTS FROM SCLEROTIC AND NON-SCLEROTIC 

Causes (May, 1923, To SEPTEMBER, 1938). 


Admissions as percentage of year's total 


Winter. Summer. 
Winter period Summer period Normal = 58.15 Normal = 41.85 
Oct. to Non- May to Non- Non- Non- 
April Sclerotic. sclerotic. Sept. Sclerotic. sclerotic. Sclerotic. sclerotic. Sclerotic. sclerotic 
1923-4 Ss 11 1923 3 8 73 58 27 42 
1924-5 13 14 1924 5 20 72 41 28 59 
1925-6 13 30 1925 13 17 5O 63 50 37 
1926-7 10 24 1926 3 26 77 45 23 52 
1927-8 11 39 1927 4 11 73 78 27 22 
1928-9 6 22 1928 5 17 56 56 44 44 
1929-30 13 27 1929 4 36 76 43 24 57 
1930-31 8 30 1930 3 19 73 6 27 39 
1931-32 12 20 1931 7 15 63 57 37 43 
1932-33 15 28 1932 + 10 79 74 21 26 
1933-34 31 33 1933 4 40 89 45 11 55 
1934-35 25 32 1934 8 31 76 51 24 49 
1935-36 26 28 1935 3 28 90 50 10 sO 
1936-37 43 35 1936 Ss 42 s4 45 16 55 
1937-38 21 26 1937 ] 43 87 38 13 62 
255 399 77 363 74.5 53.9 25.5 46.1 


Handling the data mathematically, we find that the winter 
sclerotic admissions exceeded the expected 58.15% by 15.33 + 2.05, 
with a corresponding deficit for the summer period. Winter non- 
sclerotic admissions fell 3.67 + 1.90 below the expected 58.15% 
of the total, while those of the summer showed the corresponding 
small rise above the expected 41.85%. The difference between the 
sclerotic and non-sclerotic groups in their seasonal admissions rates 
was 19.00 = 2.80%. 

We see here a highly significant predominance of admissions for 
sclerotic complications in winter as compared to summer. The 
deviation of 15.33 from the expected 58.15% is 7.5 times its own 
probable error, meaning that such distribution would occur by 
chance only once in several millions of times. The non-sclerotic 
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winter admissions, on the other hand, deviated only 3.67 below the 
expected percentage (and those of the summer a similar amount 
above), this deviation being less than twice its own probable error 
and without significance. 

Of the 1094 patients, 20 were admitted because of arteriosclerotic 
heart failure. It seemed justifiable to include these cases in our 
general calculation. ‘Their removal produced slight change in the 
results, although 26 of the 29 were admitted in the ‘“‘winter’’ period. 
With their exclusion, “winter” sclerotic admissions deviated 16.00 + 
2.11 above the expected 58.15%, while the non-sclerotic fell 4.00 + 
1.94 below. It should be borne in mind that by “‘sclerotic’’ and 
‘‘non-sclerotic”’ admissions, we are referring to the type of complica- 
tion causing the patient’s entrance into the hospital. Many of the 
“non-sclerotic”” admissions were of patients showing evidences of 
sclerosis, whose admissions into the hospital were not primarily 
because of the sclerotic complication but rather on account of the 
uncontrolled diabetic state. 

In Table 2 are listed the sclerotic complications responsible for 
332 of the total 1094 admissions, giving a rough idea of the part 
cardiovascular complications play in the diabetic picture at Cin- 
cinnati, with gangrene far outranking other sclerotic complications. 
Sclerotic complications were responsible for less than a third of the 
total diabetic admissions. 


TABLE 2.—Comp.icaTions Caustnc HospitaL ADMISSION OF DIABETICS (BY AGE 
GROUPS). 


Arterio- 
sclerotic 
and Arterio- Cerebral Chronic 
coronary sclerotic thrombosis nephritis 
heart heart or and/or 
Age. Gangrene. disease. failure, hemorrhage. uremia, Cataract. Total. 
0-9 
10-19 1 1 
20-29 1 1 
30-39 2 1 1 1 1 6 
40-49 25 7 4 4 2 1 43 
50-59 79 6 s 6 3 1 103 
60-69 75 23 12 8 3 4 125 
70-4 33 8 4 5 1 2 53 
Totals 215 45 29 24 9 10 332 


From this statistical survey of hospital admissions, there would 
seem to be no evidence of seasonal effect on the severity of non- 
sclerotic diabetes at Cincinnati. This has been borne out also by 
a close check on the insulin needs of 20 well regulated diabetic 
patients observed for 2 years in the out-patient Diabetic Clinic. 
No difference could be found between summer and winter insulin 
needs, so long as the patients remained free of infectious fevers and 
adhered to their proper dietary regimen of fairly constant food 
intake the year round. Had a dietary increase been permitted dur- 
ing the more stimulating winter season, no doubt there would have 
been an accompanying increase in insulin need. 


‘ 
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Others have reported increased winter hazards for the diabetic 
from his most troublesome vascular complication—gangrene. In 
Minneapolis, Beard? reported 95°, of diabetic gangrenes as develop- 
ing during the winter months. Blotner and Fitz,’ in Boston, found 
61% of gangrene cases to have an acute onset in the fall and winter 
months. Paulin® in his series of private patients at Atlanta, found 
no onset of diabetic gangrene from July to October, and a 79% 
occurrence from November to March. This high winter incidence 
of diabetic gangrene Joslin‘ attributes to lack of foot cleanliness 
during the cooler months, and he may be partially correct. But 
with all other vascular complications also showing increased severity 
in the cooler seasons, it would seem doubtful that lack of cleanli- 
ness would account for all the heightened winter gangrene hazards. 
Rather would one be inclined to attribute much of the winter trouble 
to increased spasm in a hyperactive vasomotor system and lessened 
blood flow through the extremities in the colder months. 

Conclusions. ‘The highly significant winter increase in admissions 
of diabetic patients whose diabetes is complicated by vascular 
troubles is due to the effect of the winter season upon the vascular 
complications and not to its effect upon the diabetic state. These 
findings verify the previously published data emphasizing the in- 
creased hazards of winter for arteriosclerotic and heart failure 
patients.' 
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Numerous studies of the effects of cigarette smoking on the 
peripheral circulation agree that smoking induces vasoconstriction. 
Bruce, Miller, and Hooker‘ studied volumetrically the hands of 2 


* The expenses of this research were partially defrayed by the Philip Morris Fund. 
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patients and showed that smoking caused a fall in the volume of the 
hand. Similarly, Simici and Marcu™ reported that in 3 habitual 
smokers there was an immediate fall in hand volume from smoking, 
while in 5 non-smokers, a rise preceded the fall in hand volume; in 
both groups the volume returned to normal within 15 minutes. 
The effect was negligible when the smoke was filtered through 
cotton soaked with ferric chloride solution. Lampson" studied 
2) subjects, using a modification of the original Hewlett method,?'” 
and found that smoking resulted in a decrease in the blood inflow 
rate of from 57 to 83%. The fall lasted 60 minutes in those who 
inhaled the smoke and only 15 minutes in those who did not inhale. 

Maddock and Coller' reported that smoking caused a fall of 
5.9° C. of the finger skin temperature. The smoking of cubebs, or 
the drawing of smoke through a water pipe or filtering it through 
ferric chloride virtually prevented the fall in skin temperature. 
Barker' reported a drop in cutaneous temperature of “1.8° C. or 
more,” from excessive smoking (3 cigarettes in succession). Six 
of his 20 subjects showed no drop; 4 had a drop in finger temperature 
only; 5 in toe temperature only and 5 in both toes and fingers. 
Johnson and Short” reported that smoking caused an average drop 
of 4.3° F. in 88% of 26 habitual smokers and a drop of 3.2° F. in 
3 of 8 non-smokers. Wright and Moffat®* reported that all of their 
subjects who smoked a standard cigarette showed a drop in finger 
temperature averaging 5.3° F., while those who smoked denicotin- 
ized cigarettes had a fall of 4.8° F. They also concluded that 
“smoking without inhaling resulted in decreased effects on the 
surface temperature at the finger tips.’ Gamliel® in a study of 
cigarette smoking on 16 subjects failed to obtain any consistent 
effect on the skin temperature. Wright,*4 from observations of the 
capillaries at the finger nail-fold, described a slowing and often a 
stasis of the capillary circulation which was “appreciable only 
when the smoker inhales.’”’ He noted a “timal relationship to the 
deep inhalations” of the smoke, but concluded that “deep breath- 
ing of room atmosphere did not in any instance produce this result.”’ 

However, it has been shown that deep inhalations of air resulted 
in a shrinkage of the volume of the fingers,*:* and of the hand and 
forearm.” This loss in volume from a deep inhalation is due to 
arteriolar constriction in the hand and forearm.'*!82! Bolton, 
Carmichael and Sturup* showed that the vasoconstriction was 
reflex and depended upon intact vasomotor nerves. Because deep 
breathing is practised during the act of inhaling cigarette smoke and 
because the evidence offered in the literature on the vasomotor 
effects of smoking is inconclusive, the demonstration of arteriolar 
vasoconstriction in the hand from deep breathing has necessitated 
a reinvestigation of the subject. We have compared the effects of 
deep breathing and of smoking on the peripheral vascular system 
and have been able to demonstrate that the vasoconstriction as 
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shown by the fall in hand volume and the loss in skin temperature 
is largely due to the deep breathing performed during the act of 
smoking. 


Method. The vascular status of the hand and lower forearm was deter- 
mined by the use of 5 separate methods: 1, The pressure plethysmograph 
of Hewlett and Van Zwaluwenburg,'® which measures the rate of blood 
inflow into the hand; 2, the simple plethysmograph which measures the 
changes in volume of the blood in the hand; 3, the skin calorimeter which 
is an indicator of the available heat of the skin; 4, the registering thermopyle 
which measures the temperature of the skin; 5, microscopic observation of 
the capillary tufts at the nail-fold, which reveals the condition of the minute 
vessels and the behavior of the blood within them. Methods 1 and 2 
measure the total flow through the lower forearm and hand and 3, 4 and 5 
measure the blood flow through the skin of the fingers only. A more de- 
tailed description of the 5 methods has been made elsewhere.'* 

With Methods 1, 2 and 3 the subject must maintain the arm completely 
immobile lest movement mar the tracing. A dental. chair insures comfort 
while the hand, usually the right, remains within the apparatus. For the 
simple plethysmograph experiments the subjects must remain especially 
quiet, therefore during the smoking, the cigarette was held by the observer 
and was brought to the lips of the subject every 30 seconds, for from 9 to 
12 puffs. The subject was allowed to rest for at least } hour before any 
procedure was begun in order to insure a basal state of blood flow. The 
room temperature was usually about 25° C. and the relative humidity 
between 50 and 60. All subjects were studied thoroughly before, during, 
and after smoking. Each observation period consumed from 1 to 2 hours, 
the 5 methods requiring at least 4 sessions for each subject. Only one cigar- 
ette was smoked during an experimental period except when otherwise 
noted. Although the subjects were requested to refrain from smoking for 
at least 1 hour before coming to the laboratory, none of them were asked 
to smoke sooner than 14 hours after the experiment was begun. The effects 
from smoking standard cigarettes were also compared with the effects from 
denicotinized cigarettes. The latter were either plain or filtered through 
a cigarette by means of a Zeus holder, in which manner much of the nico- 
tine" and tar!’ were removed from the cigarette smoke as it filtered through 
the unburnt tobacco. Occasionally, both a standard brand cigarette and 
a denicotinized cigarette were smoked during one experimental period. 

The responsiveness of the peripheral vascular system of each subject 
was tested prior to any smoking by a series of 10 deep breaths, often by a 
single deep breath, and by a painful pinch of the skin of the forearm. The 
vasomotor responses of the hand to the deep breathing were compared 
with the effects of smoking, any qualitative differences being attributable 
specifically to the smoke. Each of the 10 deep breaths was taken at 15- 
second intervals. The average number of inhalations of smoke taken by 
the “‘inhale’”’ groups was 11.2 (7 to 22) in 7.7 minutes, and the average num- 
ber of puffs taken by the “non-inhale” group was 21 (16 to 25) in 7.8 min- 
utes. Asa rule, the hand volume, measured with the plethysmograph, and 
the skin calorimeter determinations were made simultaneously throughout 
the smoking period and for 15 minutes after the subject stopped smoking. 
The 21 subjects used in this study were medical and dental students of the 
second year class. There were 17 habitual smokers who inhaled and who 
had been smoking about a package of cigarettes a day for an average of 
6.4 years. 


Results. Hewierr Meruop. The hand is placed in a plethys- 
mograph which is recording upon a kymograph. A 70 mm. Hg 
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pressure is applied suddenly to the forearm by means of a 5 cm. 
cuff placed just above the diaphragm of the plethysmograph and 
the increment in hand volume is recorded. Each increment tracing 
consists of 2 or more parts, namely: the initial ascent, which indi- 
cates the rate of blood inflow and is computed in cubic centimeters 
per minute per 100 cc. of hand volume; and a secondary less steep 
slope, which gradually approaches the horizontal within 1 minute 
of the application of the pressure. The height thus attained is 
designated as ‘‘capacity volume,” and depends upon the tonus of 
the blood-vessels, the number of patent minute vessels, and upon 
the arteriolar pressure just prior to the application of the obstruct- 
ing pressure. The method is discontinuous, and a minimum of 2 
minutes is allowed to elapse between readings. Tables 1 and 2 
show the results obtained by the Hewlett method on the rate of 
blood inflow and on the “capacity volume” from smoking and from 
deep breathing. 


TABLE 1 Bioop InrLow Rares OptTainep THE Hewietrr Meruop. 


Inflow rates 
ec, per min 


[No of per 100 ce 
sub hand vol ret con Procedure 
jects 
Before After 
17 9.1 Basal after } hour rest. 
10 8.9 1.6 iS After 10 deep breaths taken in 
2.5 minutes 9 of these sub- 
jects are in 
11 9.6 6.4 33 During smoking (inhaling) for both groups 
7.7 minutes 
7 9.4 13.2 +40 After 10 deep breaths taken in 
2.5 minutes 5 of these sub- 
jects are in 
6 8.1 11.9 +47 During smoking (inhaling) for both groups. 


7.7 minutes 


“Inhale” Group. ‘The average rate of blood inflow in 17 subjects 
at rest was found to be 9.1 cc. per 100 cc. of hand volume per minute. 
The blood inflow rate in 10 of the 17 subjects dropped on an average 
of 4.3 ec. (48%) immediately following 10 deep breaths. During 
the smoking of a cigarette the average inflow rate fell 3.2 cc. (33%) 
in 11 of the 17 subjects. Nine of the 10 subjects who showed a fall 
in rate of inflow from deep breathing also showed a fall from cigar- 
ette smoking. ‘The similarity of response from the 2 procedures 
in many of the subjects suggests that the vasomotor reaction to the 
smoking of a cigarette is due in part to the accompanying deep 
inhalations. 
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The capacity volume in 16 subjects at rest averaged 11.3 cc. 
After 10 deep breaths, 10 subjects showed a rise from a resting vol- 
ume of 10.6 cc. to an average of 16.6 cc., an increase of 6.0 ce. 
(57%). During cigarette smoking, the volume rose in 11 of the 
16 subjects from a resting level of 10.2 cc. to an average of 14.2 cc., 
an increase of 39%. Six of these continued high for at least 10 
minutes upon cessation of smoking while the others fell to normal. 


TABLE 2.—CapaciTy VOLUME OF THE HANp. 
(One Minute After 70 mm. Hg Pressure to Forearm.) 


Capacity, 


No. of vol, in ce. . 
sub- Per cent Procedure 
jects. change. 
Before. After. 
16 11.3 : Basal after 4 hour rest. 
10 10.6 16.6 +57 After 10 deep breaths taken in 
2.5 minutes 9 of these sub- 
11 10.2 14.2 +39 During smoking (inhaling) for both groups. 
7.7 minutes 
3 14.3 11.7 —18 After 10 deep breaths taken in 


2.5 minutes 2 of these sub- 

jects are in 
2 15.7 11.3 — 28 During smoking (inhaling) for both groups 
7.7 minutes 


2 10 10.3 2a After 10 deep breaths taken in 


2.5 minutes 1 of these sub- 
3 14 13.8 During smoking (inhaling) for both groups. 


7.7 minutes 


Nine of the 16 subjects showed a rise in volume both after the 10 
deep breaths and after smoking. The arteriolar vasoconstriction 
from deep breathing results in a partial emptying of the more periph- 
eral minute vessels. ‘These are stretched and refilled again when 
the collecting pressure is applied. Therefore, when, after a deep 
breath, the venous outflow is obstructed with a 70 mm. Hg pressure 
there is added to the resting level ‘‘capacity’’ blood volume of the 
hand that amount of blood which has been lost. This rise in capac- 
ity volume is therefore not a true increase in the amount of blood 
held in the hand but is actually a measure of the amount of blood 
which had escaped due to the vasoconstriction. ‘These losses were 
6.1 cc. from 10 deep breaths and 4.0 cc. from cigarette smoking, 
and compare well with the volume reductions obtained with the 
simple plethysmograph (see p. 713). Figure 1 illustrates the usual 
effect on the blood inflow rate and capacity volume of the hand 
from 10 deep breaths and from cigarette smoking. 
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‘* Non-inhale” Group. In 4 subjects the average resting blood 
inflow rate was 8.9 cc. Following 10 deep breaths all 4 decreased in 
rate an average of 4.9 cc. Simple puffing of smoke caused an average 
decrease in rate of 3.7 cc. in 3 of the subjects, and no change in 1 
subject. 

In 2 of the subjects 10 deep breaths caused a rise in “capacity 
volume” of 2.5 ce. and 2.0 ce.; and in 2 there was a fall of 4.5 cc. and 
0.5 ce. Puffing of cigarette smoke decreased the ‘capacity volume”’ 
by 0.3, 0.7, and 4.2 cc., and increased it in the fourth subject by 


2.6 ce. 


Fic. 1.— Records of blood inflow rate of right hand made with the Hewlett method 
showing the similar effects obtained from 10 deep breaths and from smoking a stand- 
ard brand cigarette. Curves 10 and 13 are normal and represent an inflow rate of 
10.6 ec. per min. per 100 cc. of hand volume and a ‘‘capacity hand volume”’ of 7 cc. 
Curve 11 represents an inflow rate of 18.3 cc. and a ‘‘capacity hand volume” of 19.5 cc. 
Curves 14, 15, and 16 represent an average inflow rate of 13.8 cc. and an average 
“capacity hand volume” of 15.3 cc. Smoking time is 7 minutes. Time is in seconds 


THe This method, in which the 
pressure cuff is not used, has the advantage of being continuous. 
It has been used to measure changes in the volume of the hand 
resulting from deep breathing or from smoking. The results are 
given in cubic centimeters of volume change and are not corrected 
for unit volume of the hand. Only differences greater than 0.5 cc. 
are considered as significant. The figures yielded by the simple 
plethysmograph are of themselves difficult to interpret. The fall 
in volume of the hand which occurs from deep breaths of air or of 
smoke represents a loss of blood from the part within the plethysmo- 
graph. This loss may be due to a decrease in the inflow rate, to 
a fall in arteriolar pressure, or to a constriction or obliteration of 
some of the minute vessels. ‘The experiments were performed upon 
\7 subjects, of whom 15 inhaled; and 2 merely puff-smoked the 
cigarette. 

‘Inhale’ Group. Nine of the 15 subjects who inhaled smoke 
from a standard cigarette showed a greater loss in hand volume 
(10.8 ee.) than from 10 deep breaths (6.8 cc.). Four subjects gave 
a loss in hand volume of 7.6 cc. from 10 deep breaths as compared 
to a loss of 5.1 cc. from the smoking of a cigarette; 1 showed the 


moking 
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same loss from both procedures and | showed a rise in volume of 
1.5 ec. from smoking and a fall of 6.5 ce. from deep breathing. How- 
ever, repeated observations upon these subjects disclosed large 
variations in response from day to day and occasionally a reversal 
of the smoking: 10-deep-breath relationship. 

Ten subjects smoked commercial denicotinized cigarettes and the 
effects were compared with those from the smoking of standard 
cigarettes or from 10 deep breaths. In 9 of these, the smoke from 
the denicotinized cigarette was filtered in order to lower further 
the nicotine content of the smoke. The smoking of denicotinized 
cigarettes caused a loss of hand volume averaging 11.7 cc., larger 
by 0.9 ce. than the average loss from the smoking of standard cigar- 
ettes. Three subjects who showed a small fall in hand volume from 
the smoking of the denicotinized cigarette showed immediately 
upon recovery a similar small fall from a standard cigarette. The 
similarity of response to the two types of cigarettes suggests that 
the nicotine content of the smoke plays a minor part in the causation 
of the fall in hand volume. 

‘* Non-inhale’” Group. There were 2 subjects, one of whom 
showed a loss of 7 cc. from both 10 deep breaths and from cigarette 
smoking; the other showed a loss in hand volume from deep breath- 
ing 12 ce. greater than from smoking. 

SKIN CALORIMETER. The available heat at the finger-tip was 
measured by the apparatus of Mulinos and Shulman.'* The E. M. F. 
from a “conducting” thermocouple was recorded by a sensitive 
galvanometer which was calibrated to give a deviation of 5 cm. per 
degree temperature change between the variable and “‘cold”’ junc- 
tions. Only changes greater than 0.5 cm. were considered as being 
significant. This apparatus has the advantage that it responds more 
quickly than the usual skin thermometer thermocouple to small 
changes in blood flow in the skin. By this means we were enabled 
to detect a change in skin blood flow from a single deep breath.'* 

“Inhale” Group. Eleven of the 16 subjects showed a greater 
fall of available heat from the finger due to smoking a standard 
cigarette than from 10 deep breaths. Two subjects showed a similar 
fall from the two procedures while 3 showed a greater fall from 10 
deep breaths. One of these subjects who had previously shown a 
rise in hand volume from smoking now had an increase in the avail- 
able heat; whereas deep breathing always resulted in a fall. Eight 
subjects who smoked commercial denicotinized cigarettes showed 
a fall in available heat. In 4 the fall was equal to or greater than 
that from a standard cigarette. The effects of smoking a standard 
cigarette were determined a second time on 5 subjects. Four 
showed a smaller fall in available heat and one a greater fall when 
compared with the previous smoking and demonstrates the varia- 
bility of the reaction. 

** Non-tnhale” Group. Three of 4 subjects had a greater fall in 
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available heat from 10 deep breaths than from puffing cigarette 
smoke. The fall due to puffing a standard brand cigarette was less 
than from deep breathing or from the inhaling of smoke. 

Skin Temperatures. The skin of a finger provides the most 
sensitive temperature gauge of the circulation to the skin of the 
limb as a whole.'* The skin temperature was determined by means 
of a thermopyle composed of 48 thermo-junctions of silver constan- 
tan.'* The electromotive force developed by the thermopyle was 
recorded on a Micromax millivolt meter calibrated to read in degrees. 

The skin temperature is always above that of the room except 
when the circulation is arrested and evaporation is occurring. In 
our apparatus the thermo-junctions are covered completely by the 
skin of the finger, so that any sweat which may occur does not 
evaporate so readily, nor are currents of air so likely to affect the 
temperature of the junctions as is the case with some of the single 
couples available for this type of work. It has been shown that the 
fall in skin temperature due to complete obstruction of blood flow 
is proportional to the difference between the room temperature and 
the skin temperature.'* Complete obstruction of all blood flow in 
the forearm for 5 minutes resulted in a fall in skin temperature of 
about 32% of the skin temperature-room temperature difference. 
Lewis obtained a fall of 7° C. from an obstruction of 34 minutes or 
a 64% differential. From these figures it is obvious that drops in 
skin temperature of as high as 15.5° F. (9.7° C.) which represent 
differentials from 80 to 100+ reported by Wright and Moffat 
to result from smoking must have been due to factors not operative 
in our own technique. The maximum fall in skin temperature 
observed by us was 2.8° C., a figure which agrees well with those 
reported by Barker! and by Lampson." 

Thirteen of the 19 subjects studied showed a greater average 
drop (0.79° C.) from cigarette smoking than from deep breathing 
(Fig. 2). In the “inhale” group the drop in skin temperature varied 
from 0.35° C. to 2.18° C. and in the “‘non-inhale” group from 0.24° C. 
to 0.51° C. The slight fall in skin temperature from puffing corrob- 
orates both the results obtained by the other procedures and those 
reported in the literature. 

Five subjects showed a smaller fall (0.53° C.) in skin temperature 
from inhaling than from 10 deep breaths (Fig. 3), and one subject 
had the same fall from both procedures. The fall in skin tem- 
perature from 10 deep breaths varied from 0.35° C. to 2.27° C., 
figures which are not very much different from those obtained from 
inhaling of smoke. 

The skin temperature in 10 of the 19 subjects returned to normal 
in from 2 to 10 minutes after cessation of smoking; 5 subjects were 
one-half to three-fourths recovered within 7 minutes, the experi- 
ment having been terminated due to restlessness; 2 subjects returned 
to their normal skin temperature during the smoking of the cigarette 
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while 1 subject showed no recovery after 45 minutes. The fall in 
skin temperature from 10 deep breaths was recovered from on an 
average of 4.1 minutes (2 to 9). 
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Fic. 2.—The effect of 10 deep breaths and of smoking upon the finger skin tem- 
perature. This is a graph representative of 13 subjects who reacted more to smoking 
than to deep breathing. Dotted line: 10 deep breaths taken between B and C 


Solid line: smoking a standard brand cigarette from A to D. 
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Fic. 3.—A graph of finger skin temperature as in Figure 2. This is representative of 


5 subjects who reacted more to deep breathing than to smoking. 


CAPILLARY OBSERVATIONS. ‘These were made at the nail-fold of 
the finger using the Leitz Ultropak microscope objective. With this 
instrument it is possible to note the length, width, and tortuosity of 
the capillary tufts; their number and the approximate rate of blood 
flow through them. Small changes in the rate of flow through the 
capillary tuft are difficult to observe, while long observation periods 
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reveal obvious changes in blood flow rates which are apparently 
“spontaneous.” Deep breathing, sighing, coughing, or talking 
result in such changes, and make interpretation difficult. In 80% 
of 45 subjects a deep breath was followed by a complete cessation of 
the blood flow in the tufts, lasting from 3 to 5 seconds. Blood flow 
within the tufts appeared to have returned to the normal rate 
within 5 to 15 seconds after the deep breath.'® 

“Inhale” Group. Of 16 subjects observed, 11 showed a timal 
relationship between the inhaling of the cigarette smoke and the 
slowing or stopping of the flow through the capillaries; 3 showed a 
slowing independent of the inhalations and in 2 there was no effect. 
In 13 of these subjects a single deep breath was followed by complete 
cessation of blood flow through the capillary tuft, and in 3 there 
was slowing but no stoppage. Wright®* likewise noted that the 
slowing of the capillary flow seemed appreciable only when the 
smoker inhaled. However, he stated that deep breathing of room 
air alone did not in any instance produce this result. 

‘** Non-inhale” Group. None of the 4 subjects who puffed cigar- 
ette smoke showed a cessation in capillary blood flow although there 
was some slight slowing. A deep breath resulted in complete cessa- 
tion of blood flow in 3 of the 4 subjects. 

Discussion. (igarette smoking is usually accompanied by deep 
inhalations of the smoke which is taken into the mouth, so that the 
inhaler absorbs more of the nicotine and other products of tobacco 
combustion and exposes a greater mucous surface to the irritant 
properties of the smoke than would be the case if inhalation were 
not practised. The vasoconstrictor response to a pinch® or other 
painful stimuli, and to the inhalation of ammonia,'* suggests that 
irritation may play a part in the production of peripheral vaso- 
constriction. However, vasoconstriction has been shown to result 
from the deep inhalation of air alone.*'> The act of inhaling cigar- 
ette smoke, therefore, is associated with three factors each of which 
may independently produce peripheral vasoconstriction. These 
are: 1, the pharmacologic activity of the constituents of the smoke 
(nicotine, etc.); 2, irritation; and 3, the deep inhalation. The com- 
bination of all three factors results in a greater effect than does any 
one alone. 

In the present’study, we attempt to determine the importance of 
each of these factors in the production of the vasoconstriction from 
smoking. With the five methods described, it has been possible to 
prove that the inhalation of smoke results in constriction of the 
arterioles of the forearm and hand indistinguishable from the con- 
striction which follows deep breathing. Maddock and Coller,'® 
Wright,** and Lampson" had aiready made the observation herein 
confirmed that only smokers who inhaled showed any considerable 
fall in skin temperature or reduction in the blood inflow rate. 

Numerous facts militate against the assumption that much of the 
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vasoconstriction from the inhalation of cigarette smoke is due to 
nicotine, despite the fact that Maddock and Coller'® found that 
‘nicotine administered intravenously in quantities not greater 
than that theoretically absorbed in the smoking of | or 2 cigarettes 
produced comparatively analogous changes.”” Baumberger? has 
shown that the smoker retains 88.2° of the smoke which he inhales 
and 66.7% when puffing alone is practised. In our experiments, the 
subjects who inhaled the smoke took but 11 inhalations as against 
21 puffs for the “non-inhalers.” It is possible that the total amount 
of nicotine retained by the “‘non-inhale”’ group is greater than in the 
group that inhaled, yet the subjects who inhaled the smoke showed 
the greater and more persistent vasoconstriction. It may be that 
of the nicotine which was abstracted by the mucous membranes, 
more was absorbed from the lungs than from the mouth. Further- 
more, we were able to confirm Wright and Moffat?® and Johnson 
and Short” in their observations that heavy smokers show well 
developed vasoconstriction, despite the fact that systemic reactions 
are less likely to occur in such subjects than in occasional smokers. 
Wright and Moffat®® stated that ‘‘there was no appreciable effect 
on the forehead temperature during any of these experiments,’ and 
Maddock and Coller'® had failed to obtain vasoconstriction of the 
skin at the waist. This selective action of nicotine is pharmaco- 
logically unlikely. 

Further confirmation of the secondary importance of nicotine is 
to be found in the facts adduced in the present report (a) that the 
smoke from “‘denicotinized” cigarettes was as effective in eliciting 
vasoconstriction as was the smoke from standard cigarettes; (5) 
that the inhalation of air alone caused vasoconstriction nearly 
equal to that following the inhalation of smoke; and (c) that 3 sub- 
jects who smoked a standard cigarette unusually rapidly became 
dizzy, pale and weak, with beads of perspiration appearing on the 
forehead. All developed nausea and one vomited, yet neither by 
the Hewlett nor by the plethysmograph methods could there be 
demonstrated any vasoconstriction in the hand that could be 
ascribed to the smoking. The experiments performed on these 
subjects were not included in the above report because we felt that 
the smoker voluntarily stopped short of being sick and we wished 
to limit our observations to “‘physiological’’ smoking. Segal” has 
iound that the smoking of standard or of denicotinized cigarettes 
produced identical changes on the electrocardiogram: an increase 
in heart rate, and a lowering of the 7-wave. Carlson* found that 
the promptness with which the gastric hunger contractions were 
inhibited by smoking | cigarette indicated a reflex rather than a 
nicotine inhibition. Schnedorf and Ivy'® found that smoking 
stimulated the flow of saliva reflexly, for the flow of saliva was not 
increased by the nicotine absorbed from 2 or 3 cigarettes. In 20 
ulcer patients the differences between the decrease in acidity ob- 
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tained with denicotinized and with ordinary cigarettes were not 
statistically significant. 

The degree of vascular reaction to smoking varies markedly in 
different individuals and in the same subject from day to day. This 
variation occurs also to deep breathing:'* to a pinch® or to smelling 
salts. Baumberger® has shown that the weight of the smoke taken 
into the mouth varied from 0.1 to 6.9 mg. per puff, and Jensen and 
Haley," determining nicotine chemically, concluded that the com- 
position of the smoke varied inversely as the moisture of the cigar- 
ettes; directly to the strength of the puff and to the length of cigar- 
ette already smoked.'? In view of so many factors which may con- 
tribute to the variability of the vascular reaction to smoking, it 
is necessary to perform numerous comparative experiments upon a 
number of well controlled individuals, the reactions of whom thus 
become established by experiment. During any single experimental 
period the subject should be tested with such procedures as deep 
breathing, pinching, and so on, before and after the crucial pro- 
cedure. Only in this way can one evaluate the extraneous factors 
enumerated above. 

Summary. Using 5 different methods, an analysis of the response 
of the peripheral vascular system to smoking and deep breathing 
has led to the following conclusions: 

1. Deep breathing alone can account for the greater part of the 
decreased blood inflow rate, the loss of hand volume and the drop 
in skin temperature of the hand resulting from the inhalation of 
cigarette smoke. 

2. The subjects who did not inhale cigarette smoke showed a 
greater vascular response of the hand from 10 deep breaths than from 
the puffing, and a lesser response than those who inhaled the cigar- 
ette smoke. 

3. Inhaling the smoke from denicotinized cigarettes resulted in 
as great and occasionally greater vasoconstriction than the inhaling 
of the smoke from a standard brand cigarette. 

4. The degree of response of the peripheral vascular system varies 
markedly among individuals and in the same subject from day to 
day. 

5. The vasoconstriction due to smoking lasts about 15 minutes 
(7 to 45). These figures are at variance with the conclusion that 
“If ....a patient should smoke 1 cigarette an hour he would 
depress his peripheral circulation during the entire day.” 
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BOOK REVIEWS AND NOTICES 


New Facts on Menta Disorpers. Study of 89,190 Cases. By Net A. 
Dayton, M.D., M.C., Director, Division of Statistics, and Director, 
Division of Mental Deficiency, Massachusetts State Department of 
Mental Health, etc. Pp. 486; 110 graphs; 84 tables. Springfield, IIl.: 
Charles C Thomas, 1940. Price, $4.50. 

CONTENDING that previous studies of mental problems have been largely 
analysis of the individual with a mental disorder, the author here visualizes 
the approximate 90,000 admissions to Massachusetts mental hospitals, 
from 1919-1933, inclusive, ‘‘as one large individual,” thus giving a study 
in averages. Some of the analyses and conclusions follow: Old age, not 
middle life, now reveals the maximum incidence in mental disorder. It 
appears men are breaking down faster than women. Our national mode of 
living is not conducive to health or longevity after 40 or 50 years. Highest 
admission rates are presented by our foreign born; being accustomed to 
hardships, however, they endure unemployment and depression better 
than our more prosperous natives. Taking all admissions, alcohol is the 
outstanding factor in the mental history. “The first year of Prohibition, 
1920, shows both the low for alcoholism and the lowest admission rate of 
the entire period, 1919-1933.” That the psychotic individual took to aleohol 
when in financial difficulty, as an “‘escape from reality,” is not substantiated 
by this study. The married are less likely to develop mental disorders 
than others, in the following order—widowed, single and divorced. The 
single man shows 60°; more mental disorders than the single woman. 
After disunion, man shows about 40°; more than woman. Hebrews, either 
single or married, present the highest percentage of patients. The great 
immigrant inflow, has added enormously to our many social, economic and 
public health problems. The assembling of all these data has been a pro- 
digious task, to which no short review can do justice. Doubtless the book 
will be widely read and will supply the lead for much additional research. 
The bibliography is scant but the index is adequate. > 


MepicaL Care (A Symposium). Law and Contemporary Problems. 
Volume VI, No. 4, Autumn, 1939. (A Quarterly Published by the 
Duke University School of Law, Pror. Davin F. Cavers, Editor.) 
Pp. 185. Durham, N. C.: Duke University School of Law, 1939. 
Price, 75c. 

Tuts number of the Duke University quarterly dealing with Law and 
Contemporary Problems, is devoted to medical care. The subject is intro- 
dueed by an excellent paper on the national problems in medical care by 
J. 8. Falk, who, after sketching the history of the problem, discusses the 
social objectives in a health program, needs to be met, and the existing basis 
for a health program in this country. There follow 8 papers dealing with 
various experiments that are being tried as means of furnishing adequate 
medical care to groups of the population. The last 5 papers consider the 
problems related to federal legislation as embodied in the Wagner Bill. 
This symposium discusses especially the legal aspects of plans for medical 
care, and should prove of interest and value to those concerned with prob- 
lems related to health legislation. G. R. 
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ScLeROsING THerRAPy. The Injection Treatment of Hernia, Hydrocele, 
Varicose Veins and Hemorrhoids. Edited by Frank C. YEoMANs, 
M.D., F.A.C.S., M.R.S.M. (Lonp., Hon.), Professor of Proctology and 
Attending Surgeon, New York Polyclinic Medical School and Hospital, 
etc. Pp. 336; 117 illustrations. Baltimore: The Williams & Wilkins 
Company, 1939. Price, $6.00. 

THE rise of the use of sclerosing solutions in the treatment of various 
types of surgical diseases has made a place for this volume. It concerns 
especially the use of sclerosing solutions in the treatment of hernia, hydro- 
cele, varicose veins and hemorrhoids. Each section is written by a man who 
speaks with some authority due to a wide clinical experience. The first 
section is on the injection treatment of hernia by Dr. Bratrud, who points 
out that the success of this measure depends upon a thorough understanding 
of the anatomy of the inguinal region. The section is well illustrated by 
drawings and photographs. An excellent chapter on trusses emphasizes 
that the success or failure of the treatment depends on the satisfactory 
fitting of the truss. In the chapter on the technique, he describes and illus- 
trates his method of injection and enumerates the various solutions whic! 
he uses. He injects not only direct and indirect inguinal hernias but also 
femoral and umbilical hernias. He found a recurrence of 9° in indirect 
inguinal hernias, 18°% in bilateral indirect hernias and 17% in direct in- 
guinal hernias. Recurrence was very low in the younger age group, and 
greatest in patients between 50 and 60 years of age. However, many cases 
which had been accepted for injection treatment had very definite contra- 
indications for surgery. He recommends the injection treatment for recur- 
rences of hernia following operation. Part II, on the injection treatment 
of hydrocele and written by Dr. Hoch, is relatively short and well illustrated 
by MeNett. Hoch aspirates the fluid from the hydrocele and injects a 
solution of quinine hydrochloride 13.33°% with urethane 6.66°, usually 
injecting 2 to 4. cc. If recurrences appear, aspiration and injection may be 
repeated. Part III, on the injection treatment of varicose veins (by Dr. 
Shelley), takes up the history of this procedure, the anatomy of the veins 
of the legs, the causes of varicose veins, symptomatology, diagnosis and 
the various tests used. The techniques of injection and of ligation of the 
veins are those which are commonly employed. The author gives a very 
good chapter on the treatment of complications and insists upon the patient 
being ambulatory after injection if possible. Part IV, a discussion of the 
injection treatment of hemorrhoids (Dr. Yeomans) is written largely from 
the experience of the author. He states that his results in a large number 
of cases has been very satisfactory, with no deaths or serious complications. 
The book is one for use by young men who are willing and anxious to learn 
this relatively new type of treatment of various surgical lesions. It is well 
printed and well illustrated and is a definite contribution to its field. 


L. F. 


BroLtogicaL Propucts. By Louis GrERSHENFELD, P.D., B.Sc., PxH.M., 
Professor of Bacteriology and Hygiene, and Director of the Bacteriological 
and Clinical Chemistry Laboratories at the Philadelphia College of 
Pharmacy and Science, etc. Pp. 242; illustrated. New York: Romaine 
Pierson Publishers, Inc., 1939. Price, $4.00. 

Tue details of manufacture are given for the various products included 
under the term “biological products,’ such as the antitoxic sera, anti- 
bacterial sera, vaccines, toxoids and the numerous products employed for 
diagnosis and treatment in the various allergic conditions. Such a compila- 
tion of information should be of help to teachers and research workers 
Vitamin products and glandular products are not included. H. M. 
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Beyonp THE CLINIcAL Frontiers. By Epwarp A. Srrecker, A.M., 
Sc.D., Lirr.D., M.D., Professor of Psychiatry in the Undergraduate and 
Graduate Schools of Medicine, University of Pennsylvania, and Consul- 
tant and Chief-of-Service, Institute of the Pennsylvania Hospital. Pp. 
210. New York: W. W. Norton & Co., Inc., 1940. Price, $2.00. 

In this volume, one of the Salmon Memorial Lectures, the writer en- 
deavors to show a relationship between the mentally ill, the normally 
thinking individuals and crowd mass behavior. Some of the subjects dis- 
cussed follow: The retreat from reality in the psychoses and psychoneuroses 
each individual’s life in a private world of his own making; a few of the 
natural, artificial and pathologic aids for softening hard realities; the every- 
day prototypes of symptoms of mental disease; the ‘‘mores’’ of mental 
patients which may not be altogether without profit to civilized culture; 
the serious predicaments of our civilization, the great need for mental 
hygiene; and the stimulating analogy of physical hygiene. Suggestions 
toward combatting some of our cultural evils. This thesis shows a compro- 
mise between a popular and a technical rendering. The bibliography 
includes current fiction. N.Y 


Tue INTER-RELATIONSHIP OF MIND AND Bopy. (The Proceedings of the 
Association; New York, December 27 and 28, 1938). Editorial Board: 
Foster KENNEDY, ANGUS M. FRANTz AND CLARENCE C. Hare. Pp. 
381; 28 illustrations and 10 tables. Baltimore: The Williams & Wilkins 
Company, 1939. Price, $6.00. 

Or the 22 collaborators, most are members of the Association for Re- 
search in Nervous and Mental Disease. The introductory chapter is by 
Foster Kennedy. There are other important chapters on heredity, by 
A. Myerson; electrical activity of the brain, by Hallowell Davis and Pauline 
A. Davis; mental and emotional changes produced by diseases of the brain, 
by T. J. Putnam; effects of chemical and hormonal agents, by K. M. 
Bowman; of barbiturates and bromides, by F. J. Curran; of benzedrine, by 
W. Bloomberg; of Marihuana, by Walter Bromberg; physiologic changes in 
emotional states, by J. C. Whitehorn; psychotherapeutic effects by chemical 
agents, by Manfred Sakel. Why mental and emotional are repeatedly 
referred to as though separate, is not clear—the mental is formed by the 
emotional and intellectual. The Association’s high scientific purpose is 
maintained in this book. There is a copious bibliography and an informa- 
tive index. 


Mineral Merapoutsm. By Atrrep T. M.D., Research Associate 
in Pediatrics, Harvard University (American Chemical Society Mono- 
graph Series). Pp. 384; 13 illustrations and 41 tables. New York: Rein- 
hold Publishing Corp., 1939. Price, $5.00. 

Tuts long awaited monograph fulfills the expectations of those acquainted 
with its preparation. It succeeds admirably in its discussion of the réle 
of the various minerals in the structure and function of the human body. 
\s the field of mineral metabolism is now the subject of vigorous investiga- 
tion and is rapidly expanding, it is only to be expected that the presentation 
of certain fields is not completely up to date. 

The material presented is selected from data gathered on human subjects, 
supplemented with discussions of experimental results upon laboratory 
animals wherever these data are important in arriving at an understanding 
of the normal physiology of the body. Pathologic material is used to illus- 
trate variations from the mechanisms of the normal mineral metabolism. 
Instead of discussing all of the data upon each element within a single 

hapter, the material is scattered throughout the book, and only brief 
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summaries and definite problems outlined in the chapters on the separate 
elements. This plan has been adopted because it is apparent that the inter- 
relation, of the various elements among themselves, to water, acid-base 
equilibrium and body functions are so complicated that a clearer picture is 
obtained when physiologic function is made the center of discussion. 

The mineral composition of the body as a whole and of its several parts 
is the first topic considered. In this is discussed the mineral composition 
of the various tissues at different periods of life, from the fetus to the adult. 
This is followed by a consideration of the composition of the secretions 
and excretions and their effects upon changing the volume and composition 
of the body fluids. Internal secretions and their rdle in mineral metabolism 
is the subject of another chapter. This is followed by chapters upon 1, 
total base, chloride, ammonium and bicarbonate; 2, calcium and magnesium ; 

phosphorus; 4, sulfur; 5, iron; 6, iodine and 7, trace elements. The 
chapters on iron and iodine were prepared by Dr. F. C. Bing. 

The last third of the monograph is taken up with a discussion of water 
metabolism, and anion-cation relationships of the body as affected by the 
minerals of the food. In the concluding chapter the topic of mineral in- 

takes, balances and requirements are summarized. 

There are relatively few errors typographical or otherwise. 

To everyone interested in the ubiquitous réle of the various minerals in 
the physiologic economy of the human body this volume can be recom- 
mended highly. 


Das ANTLITZ DER BLINDHEIT IN DER ANTIKE. Eine medizinisch-kul- 
turhistorische Studie. By A. ALBertr M. Esser, Dr. med. et phil. Pp. 
178. Stuttgart: Ferdinand Enke, 1939. Price, Paper, Rm. 9.50; 
Bound, Rm. 11.00. 

THE author has attempted, from a consideration limited to true source 
material, to unite the various points of view about blindness in antiquity. 
To this end he considers briefly the classical references illustrating the 
natural history of blindness, its social history (as a punishment, in wartime, 
accidental), its effect on the blind (prophets, poets, beggars), and the condi- 
tion of blindness in various aspects. One unquestionably comes across some 
interesting allusions, but even with an indefinite amount of leisure time at 
one’s disposal, it is doubtful whether even most careful study would ade- 
quately repay the average reader for the time spent. Perhaps an edition in 
Braille would evoke more enthusiastic responses. E. K. 


BRUCELLOSIS IN MAN AND ANIMALS. By I. Forest Huppieson, D.V.M., 
M.S., Px.D., Research Professor in Bacteriology, Michigan State Col- 
lege, East Lansing. Contributing Authors: A. V. Harpy, M.S., M.D.., 
Dr. P.H., Associate Professor of Epidemiology, DeLamar Institute of 
Public Health, Columbia University Medical School, J. E. Desono, 
M.D., M.R.C.P., Professor of Pharmacology and Therapeutics, Royal 
University of Malta, and Warp Gitrner, D.V.M., M.S., Dr.P.H.., 
Dean of Veterinary Division and Professor of Bacteriology, Michigan 
State College. Pp. 339, with 40 illustrations (some in color). New 
York: The Commonwealth Fund, 1939. Price, $3.50. 

AN accurate, authoritative, and comprehensive book on Brucella infec- 
tions in man and animals, this book is of value to laboratory workers, physi- 
cians, and veterinarians. The authors stress the difficulties which are ofter 
encountered in establishing a diagnosis of Brucellosis and helpful sugges- 
tions are offered as to the use and interpretation of various diagnostic pro- 
cedures. 
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Under specific treatment the authors discuss their experiences with the 
use of Brucellin, which they believe to be of value in certain cases. The 
administration of mixed typhoid and paratyphoid vaccine intravenously 
is referred to briefly, but, in view of the experience of others, this form of 
therapy warrants more extensive discussion. Sulfanilamide is recognized 
as having given some promising results but as being far from a specific 
for Brucellosis. 

No mention is made, under general therapeutic measures, as to the 
eradication of possible foci of infection, an item that we believe to be of 
some importance. 


NOMENCLATURE AND CRITERIA FOR DIAGNOSIS OF DISEASES OF THE HEART. 
By the Criteria Committee of the New York Heart Association. ARTHUR 
C. DeGrarr, M.D., CLARENCE E. DE LA CHAPELLE, M.D., Cary EGGLEs- 
TON, M.D., CHarves E. Kossmann, M.D., Ropert L. Levy, M.D., 
Joun B. Scowepe., M.D., and Haro.p E. B. Parpeg, M.D., Chairman. 
Pp. 282; 52 illustrations. Fourth Edition. New York: New York 
Heart Association, a Division of New York Tuberculosis and Health 
Assn., 1939. Price, $2.00. 

THE present edition of this well known book shows considerable revision 
from the third edition and includes new material, notably a new section on 
Pathological Diagnosis. 

It should be available to all who make cardiac diagnoses and should be 
read by all interested in heart diseases. It should be the primer of the new 
crop of heart specialists now coming on. The work has been well done and 
reflects great credit on the Committee. One cannot doubt that it will 
serve its chief purposes, which are to elevate the general standards of car- 
diac diagnosis and to bring about more uniformity of diagnostic nomen- 
clature. Even those sturdy survivors of a happier era who object to being 
standardized will probably find few grounds for quarrel with the Committee. 


Viruses AND Virus Diseases (LANE Mepicat Lectures) (Stanford Uni- 
versity Publications, University Series, Medical Sciences, Vol. IV, No. 1). 
By Tuomas M. Rivers, M.D., Sc.D., Director, Hospital of the Rocke- 
feller Institute for Medical Research, New York City. Pp. 133; 34 illus- 
trations. Stanford University: Stanford University Press, 1939. Price, 
Paper, $1.75; cloth, $2.50. 

Or the five lectures of this series of the well known Lane Medical Lectures, 
the first is devoted to lymphocytic choriomeningitis, presenting the clinical 
picture of the first patient from whom the virus was obtained and the 
manner in which the virus was shown to be the cause of the malady. Lec- 
ture two concerns the pathology of viruses in which the cytoplasmic inclu- 
sion bodies of fowl-pox, molluscum contagiosum, psittacosis, vaccinia, tra- 
choma, rabies, infectious myxomatosis of rabbits and tobacco mosaic are 
found. The lecturer reiterates that hyperplasia, hyperplasia followed by 
necrosis and necrosis are the primary characteristic pathologic changes in 
ill virus maladies. Inflammation is regarded as secondary. Shope’s pap- 
illoma of rabbits and Rous’ sarcoma of fowl are cited as the etiologic factors 
f certain malignant growths; no mention was made of Lucke’s tumor of 
rogs. The third lecture is devoted to the fundamental principles of immun- 
logy and serology which are operative in virus diseases as in all fields of 
iology. The nature of viruses, in lecture four, is considered in the light of 

ich studies as the determination of size of the particle by filtration, cen- 
trifugation, diffusion or direct measurement of the particle; the shape of 
the particles; density and electric charge. Purification of viruses, cultiva- 
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tion, mutation and the antigenic properties of viruses are briefly mentioned. 
The last lecture is devoted to the treatment and prevention of virus diseases 
in which the use of drugs, vaccines and convalescent sera were discussed. 
In the case of chemotherapy the lecturer found the reports few and discour- 
aging, likewise, convalescent serum therapy was of doubtful efficacy. Vac- 
cination against virus diseases has been the most successful method of 
combat but much still has to be learned about this method of treatment. 


H. M. 


CuinicaL Toxicotogy. By Ciinton H. Turenes, M.D., Px.D., Professor 
of Pharmacology and Head of the Department of Pharmacology, School 
of Medicine, University of Southern California, Los Angeles; Attending 
Pathologist (Toxicology), Los Angeles County Hospital. Pp. 309; 
7 illustrations. Philadelphia: Lea & Febiger, 1940. Price, $3.50. 
Tuis book is written essentially in the manner of a compendium with 

the primary purpose of serving as a classroom text or simple guide for the 

general practitioner. As such, it may be useful. The list of drugs and 
poisons appears to be comprehensive, however only the essentials pertaining 
to them are treated. The last sixth of the book is devoted to the chemical 
diagnosis of poisoning. In this section are given methods of analyses in 
more or less cook-book style without attempt at any chemical evaluation. 

F. S. 

Viramin D. Chemistry, Physiology, Pharmacology, Pathology, Experi- 
mental and Clinical Investigations. By C. I. Reep, A.M., Pu.D., 
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in Physiology, and I. E. Steck, M.S., M.D., Instructor in Physiology 
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physiology and therapeutic applications of vitamin D. It is perhaps a little 
overbalanced on the personal side. On the other hand it contains an 
excellent review of recent literature (1926-1939) which is enlivened by 
personal interpretation and discussion. Each chapter is well summarized 
and there is a 48-page bibliography. E. W. 
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THE RATIONALE OF AMPHETAMINE (BENZEDRINE) 
SULPHATE THERAPY.* 


Any new pharmacologic preparation which has unusual effects is 
immediately used in a wide variety of conditions in the hope of achiev- 
ing new and unusual therapeutic results. This has been the fate of 
amphetamine sulphate, and the time has come to review its physiologic 
and psychologic effects in order to determine the rationale of its proper 
application in medicine. 

A comprehensive study of the fundamental pharmacology of amphet- 
amine sulphate will be found in the report of the Council on Pharmacy 
and Chemistry.t Alles is mainly to be credited with the development 
of the pharmacologic physiology of this drug, and it is to his papers 
and those of Barger and Dale, Chen and Meek that the reader is referred 
for those fundamental studies which demonstrate the general sympatho- 
mimetic character of amphetamine sulphate. The effects of amphet- 
amine sulphate may be divided into two main groups. 

Sympathomimetic Effects. These may be briefly summarized as fol- 
lows: Sympathomimetic drugs in general relax the smooth muscle of 
the viscera, but also constrict the smooth muscle of the arterioles so 
that the blood pressure is raised. This general formula can be worked 
out into its details as follows: 

1. Amphetamine sulphate dilates the pupil of the eye, widens the 
palpebral fissure, increases the intra-ocular tension and lessens the 
power of accommodation. In these properties it resembles its synergist, 


* Aided by grants from the Commonwealth of Massachusetts and the Rockefgjler 
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atropine; although its action is slower, less violent, of shorter duration, 
and more easily overcome by prostigmin and mecholyl. 

2. The gastro-intestinal tract: amphetamine sulphate tends to relax 
the musculature of the gut and in general delays the rate of movement 
of bismuth and of food. That is, it reduces peristalsis. 

On the genito-urinary tract it has characteristic sympathetic effects. 
Thus, it relaxes the entire genito-urinary tract insofar as present studies 
have proceeded; viz., it enlarges the kidney, dilates the pelvis and the 
calyces, dilates the ureter, and produces a characteristic dilatation of 
the bladder. 

3. The blood pressure: the effect of amphetamine sulphate is to raise 
the blood pressure, whether given by mouth, intramuscularly or intra- 
venously. The rise is marked and lasts from | to 2 hours in the human 
being. The effect tends to lessen and disappear after the drug is used 
over an extended period of time. 

Amphetamine sulphate does not have a pronounced effect on the 
cardiac muscle as demonstrated by the electrocardiograph. The pulse 
rate tends to be somewhat slowed, and in this respect amphetamine 
sulphate is not sympathomimetic in effect. 

It is noteworthy that all of these effects are produced only by large 
doses of the drug; 10 mg. given by mouth, or otherwise, produces very 
little sympathomimetic result. It ordinarily takes from 20 to 30 mg. 
to raise the blood pressure in appreciable measure and to relax the 
gastro-intestinal tract or to dilate the genito-urinary tract. The eye 
effects are produced by instillation of a solution varying anywhere 
from 0.5 to 2%. 

4. Generally speaking, the sympathomimetic drugs reduce nasal 
mucous secretion, dry up the salivary secretion, and reduce sweating. 
This is true of adrenalin, ephedrine, amphetamine sulphate, paredrine, 
propadrine and the wide variety of new sympathomimetic drugs which 
have been introduced. Amphetamine sulphate reduces the salivary 
secretions and definitely lessens sweating. These effects usually follow 
large doses but are also obtained with doses of 2 to 5 mg. in exceptionally 
susceptible people. Benzedrine Inhaler and Benzedrine Solution have 
long been used for topical application in counteracting rhinorrhea. 

Wakeful-Psychologic Effects. ‘The second group of effects is that 
which is here termed the wakeful-psychologic effects. In this respect 
amphetamine sulphate is in a class by itself, insofar as the sympatho- 
mimetic drugs are concerned. Adrenalin does not produce these effects; 
ephedrine produces them only in minor degree; paredrine and propa- 
drine do not evoke them at all. The wakeful-psychologic effects, there- 
fore, have no relationship to any of the other effects of amphetamine 
sulphate, those which have here been termed sympathomimetic. This 
effect is sui generis, a specific amphetamine sulphate result. 

Normal sleep may be profoundly interfered with by amphetamine 
sulphate. A sense of wakefulness is produced which is the very antith- 
esis of drowsiness. In its pleasant aspect, the psychologic effect is that 
of increased vigor and enhanced pleasure in every direction with a 
feeling of increased power physically and mentally. When an unpleas- 
ant degree is reached, the psychologic effect goes on to a feeling of 
being too alive, over-responsive to the environmental influences, and a 
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sense of unpleasant threatening excitement ensues. This effect on sleep 
and mood has been widely studied. It was the first important thera- 
peutic application of amphetamine sulphate if we except from con- 
sideration its local rhinologic use. 

Some interesting but not completely substantiated work has tended 
to show that amphetamine sulphate increases the intelligence score 
under test conditions. Molitch and Eccles, Sargant and Blackburn 
corroborate this; while Meerlo, McNamara and Miller do not agree 
with the findings. It is also stated that this drug increases psychomotor 
skill (Thornton et al.). There is no questioning the fact that with the 
experimental animal and in the relatively large doses given, there is an 
enormous increase of activity which, however, is not productive and 
seems almost maniacal in its manifestations. It is a common experience 
in my laboratory to witness the mutism of dementia precox disappear 
for a short time after the injection of 30 mg. of amphetamine sulphate. 
This result, however, is temporary and of no therapeutic value. Irre- 
spective of usefulness, the drug is profoundly effective in producing a 
wide group of psychologic reactions, mainly in the direction of excitation. 

It is, therefore, to be kept definitely in mind in the use of amphet- 
amine sulphate therapeutically that there are these two groups of effects 
to be taken into account: first, the general sympathomimetic reactions, 
and second, the wakeful-psychologic effects which are the specific char- 
acteristics of the pharmaceutical, and are obtained even with small 
doses, from 1 to 10 mg. These are related to some unknown central 
stimulation concerning which I wish to theorize at this point. 

Rest-recuperative and waking-activating mechanisms: There is 
some relatively obscure mechanism by which activities of a purposive 
and conscious type are brought to a standstill and which are associated 
with a feeling of fatigue and drowsiness, and which eventuate in sleep. 
This may be called the rest-recuperative mechanism. Disorder of this 
mechanism is very common and especially in the neuroses. 

Less well known and, in fact, not at all emphasized in the discussion 
of the normal cycles of existence, is what may be called the waking- 
activating mechanisms, by which after sleep or after rest the organism 
re-prepares itself for activity, manifesting this on the conscious psycho- 
logic level by a feeling of alertness and a desire for activity. This is 
also impaired in many conditions and especially on a functional level 
in the neuroses. In fact, the essential disturbance of most neuroses 
resides in the impairment of the rest-recuperative and the waking- 
activating mechanisms. 

How does the foregoing discussion link itself up with the therapeutic 
uses of amphetamine sulphate? These uses are considered, first, in 
relationship to the specific effects of the drug, and second, in relationship 
to its sympathomimetic activities. 

Specific Effects. 1. The effect in counteracting sleep has brought 
about the use of amphetamine sulphate as a specific in narcolepsy. 
This has been well established by a number of workers (Prinzmetal 
and Bloomberg, Ulrich). Suffice it to say that the long-continued use 
of the drug in considerable dosage (30 to 50 mg. per diem) does not 
seem to produce ill-effects in these patients, nor does the drug seem 
to lose its effects finally, as is the case so often when drugs have to be 
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used over a long period of time. Amphetamine sulphate does not cure 
narcolepsy, but it produces a symptomatic relief of such magnitude as 
to entitle it to be designated a symptomatic specific. 

There has developed a general use of amphetamine sulphate to 
offset sleep and fatigue whenever something extraordinary has to be 
performed, during a period in which sleep or fatigue would be disastrous 
or non-desirable. Thus, people who have to drive a long distance and 
especially at night are apt to take amphetamine sulphate to keep them 
awake. Students preparing for examinations are notorious users of 
the drug in order to offset the fatigue of continued “grinding” through 
the night. Students also use it to sharpen their association processes 
and to increase their mental capacity during the examination itself. 
These are not wholesome uses of the drug. It is not wise to disturb the 
sleep and resting process by any drug. It is not wise to rely upon a 
drug for the ability to pass examinations. Self-administration to meet 
emergencies of this type is against good hygiene and represents an 
abuse of this chemical. 

There are social and personal circumstances where to fall asleep or to 
suffer with temporary fatigue would be disastrous in a somewhat imper- 
fect world. Under these exceptional circumstances 5 to 10 mg. of 
amphetamine sulphate does no harm and meets a trying situation better 
than any other chemical of the present-day pharmacopaeia. It is fair 
to state at this point that the sale of the drug is now restricted to pre- 
scription use only, and that the abuses noted above are thus bound to 
disappear 

3. The drug is useful in counteracting poisoning by the barbiturates. 
The drop in blood pressure, as well as the unconsciousness, are offset. 
The best method for using the drug under such occasions is either by 
subcutaneous injection or in the emergency by intravenous use. Large 
doses are here required, from 20 to 30 mg. bei “ing safe if given very slowly 
and in sufficient dilution. If the drug is to be used intravenously, it is 
wise to dissolve 30 mg. in 10 cc. of water and inject it over a pe riod of 
10 minutes, just as one would give sodium amytal intravenously. 

4. Linked with this relationship of amphetamine sulphate to the 
barbiturates is what is elsewhere called their ‘“‘reciprocal pharmacology.” 
If one desires to obtain a sedative effect with the barbiturates and seeks 
to avoid the hang-over and the depression which these drugs tend to 
produce, the addition of small doses of amphetamine sulphate is of 
value. Thus, the drugs may be used simultaneously, and the sedative 
effect of 3 grains of sodium amytal may be modified in pleasant manner 
by 10 mg. of amphetamine sulphate. The specific amphetamine sul- 
phate effect is not then produced, but the chemical offsets the disagree- 
able torpor and depression of amytal. If phenobarbital is used for 
sedative therapy, the narcotization of 1 grain of this drug can be offset 
by from 5 to 10 mg. of amphetamine sulphate. 

Especially valuable is this conjoined use when phenobarbital is used 
in the treatment of epilepsy. Often in such treatment the effects of 
phenobarbital become oppressive, so that while the attacks may be 
diminished or abolished there is a very disagreeable slowing up of the 
thought processes and general unple asant phenobarbital reactions. 
These may be offset without any effect whatever of untoward type on 
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the attacks by the addition of appropriate amounts of amphetamine 
sulphate. Usually a small amount will suffice. It has been definitely 
shown by Merritt and Putnam that amphetamine sulphate does not 
increase the epileptic attacks. Personal work tends to show that what- 
ever effect amphetamine sulphate has on epilepsy is ameliorative rather 
than injurious. * 

5. It has been shown by certain workers (Bloomberg, Reifenstein and 
Davidoff) that the effects of acute alcoholism may be offset by amphet- 
amine sulphate. Bloomberg believes that a certain number of chronic 
alcoholics may be treated by this drug. The rationale for its use in 
these cases is quite simple and clearly logical as well as pharmacologic. 
Alcohol is a narcotic, tending to produce sleep and torpor and it is 
perfectly in line with the pharmacology of amphetamine sulphate that 
it counteracts this effect. In the treatment of the chronic alcoholic 
it is of some value because, when taken in the morning, it lifts up the 
mood sufficiently so that the desire for alcohol is diminished, since the 
chronic alcoholic uses the temporary lifting effects of alcohol as the 
basis for his continued indulgence. It is not meant to imply here that 
amphetamine sulphate is a specific drug in the treatment of alcoholism. 
It is here stated, however, that both from the literature and from per- 
sonal experiments, it has some value in counteracting acute alcoholism. 
In the treatment of the chronic alcoholic one must beware of pharma- 
cologic magic. Alcoholism is more than chemistry or vitamins. What- 
ever value any drug may have, it must be merely an adjunct to psycho- 
logic and social reorganization as well as to more far-reaching physiologic 
measures. 

6. Of importance is the discriminating use of the drug in the treat- 
ment of the neuroses. Whether it is to be of value or not can be readily 
determined in each individual case by the use of small doses on arising 
and throughout the morning. If the effect is favorable, in that the 
patient feels better, has a greater aptitude for activity, an enhanced 
pleasure in existence, then the drug together with other measures should 
be used. On the other hand, if the patient becomes jittery, shows 
increased agitation, becomes more depressed after a few doses, the 
drug i is of no value whatever and should be immediately withdrawn. 
It is by no means valuable in most depressions. It does not seem at 
present to be of importance by itself in the treatment of the psychoses. 
In the severe neuroses it has only a limited range of usefulness. 

On the other hand, in transitory or short neurotic states, especially 
of the reactive type, where the individual is finding it difficult to meet 
a situation and is reacting by a mood disturbance as well as by lessened 
activity, the drug is apt to have great value if given in small doses. 
Even in such cases amphetamine sulphate is more apt to help if the 
patient is given sedation at night than if it is used by itself. In other 
words, the corrective pharmacology of amphetamine sulphate in rela- 
tionship to the barbiturates and to the sedatives can be capitalized by 
its judicious use in the treatment of the neuroses. 

Obesity: The logic of the use of amphetamine sulphate in this 
condition is two-fold. First, in the case of many individuals it lessens 
appetite (Nathanson). This is aga due to the relaxing of the 
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bowel and the diminution of hunger contractions under its use. Sec- 
ondly, by increasing the desire for activity a greater capacity for exer- 
cise and physical exertion is brought about. Obviously, obesity is 
treated by a reduction of the intake of food and by increase of the 
activities. Amphetamine sulphate has a definite value in both these 
directions, although it is by no means a specific nor has it any value 
where diet regulation is not prescribed or followed, and where the 
general hygiene of the individual is defective. As stated elsewhere, no 
drug takes the place of hygienic living and of proper alimentation. 

8. Parkinson’s Disease: The drug has been accepted by the Council 
on Pharmacy and Chemistry as a useful adjuvant to the treatment of 
Parkinson’s disease. Combined with stramonium (which is an atropine 
derivative and therefore a natural synergist of amphetamine sulphate), 
it is probably useful in giving temporary relief, since no treatment has 
any permanent value in this condition. Care should be used not to 
give this combination in such amounts that excessive drying of the 
mouth takes place. 

Sympathomimetic Effects. We come now to the effects of amphet- 
amine sulphate as a sympathomimetic drug. 

1. The Council on Pharmacy and Chemistry has accepted its use in 
Roentgen ray work to overcome spasm and thus make it possible to 
take better Roentgen ray pictures of the gastro-intestinal tract. This 
use it shares with other drugs of the same type. 

2. I do not believe the drug has much, if any, value in spastic colitis 
or in generalized spastic states of the gastro-intestinal tract. The 
organism probably becomes quickly adjusted to the drug; the effects 
wear off; and they are of too short duration to be useful. Furthermore, 
the amount of amphetamine sulphate necessary to produce a good relax- 
ation of the gastro-intestinal tract is too great for repeated and constant 
use. I think it can safely be said that whatever value it has in the 
treatment of this condition is temporary and can only be purchased at 
too high a price of sympathetic stimulation. 

3. In certain cases of spasm of the genito-urinary bladder, the drug 
has definite value, whether the spasm be organic or functional in origin. 
It is usually wise to combine it in such cases with the barbiturates. 

4. On the eye, amphetamine sulphate is a useful mydriatic, especially 
if combined with other drugs. For this I refer the reader to the writings 
of Beach and McAdams, Myerson and Thau, and others. The value 
of the combinations used lies in the fact that a quick dilatation is pro- 
duced which does not last too long and which can easily be offset by 
prostigmin or any of the parasympathetic drugs. 

Contraindications for the Use of Amphetamine Sulphate. 1. Any 
powerful chemical used in the treatment of the human being finds indi- 
viduals who have idiosyncratic reactions to it and who are over-respon- 
sive in a disagreeable or even dangerous way. This is true not alone 
of amphetamine sulphate but of digitalis, morphine, codeine, cocaine, 
hyoscine. The most common disagreeable or dangerous reactions are 
a sense of fullness in the head together with severe headache, a sense of 
giddiness, extreme excitement and irritability, a dry feeling in the mouth 
with queer sensations throughout the abdominal region. In some indi- 
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viduals the appetite is completely destroyed. In others there is extreme 
constipation. It is wise to test out the drug in small doses first. The 
idiosyncrasies in reaction are usually immediate. 

2. Amphetamine sulphate should not be used where sleeplessness is a 
prominent symptom except in combination or in association with seda- 
tives. Where there is intense agitation or great anxiety, it is usually 
of no, or little, value and often increases the agitation and excitement. 
Its value in any mental state can be quickly determined, as stated above, 
and the drug should be discarded immediately if the effects are to 
increase the unpleasant emotional state of the individual. 

3. It is best not to use the drug wherever there is hypertension and 
cardiac disease. Certainly it should not be used in doses beyond 5 to 
10 mg. in such situations, and in general it may be stated that there 
are stimulants which are better borne than amphetamine sulphate 
wherever cardiovascular disease is present. It is wise to state here 
that the individual reaction even in cardiac disease may be very vari- 
able and that a cautious testing out is productive of no harm. The 
drug should be immediately withdrawn if pain and cardiac irritability 
follow. The blood pressure is not affected in therapeutic doses. 

!. Amphetamine sulphate should not be used where there is marked 
atony of the gastro-intestinal or of the genito-urinary tracts. Its sym- 
pathomimetic effect is to increase these conditions. Very small doses 
will not make any particular difference in respect to the visceral atony, 
but even moderate doses will greatly increase the disability of the 
viscera. 

Habit Formation. [uring 4 vears of steady use on a large number of 
patients, I have seen little evidence that the drug is to any great extent 
habit-forming. The drugs which produce a constant repetitive desire 
are the narcotics—morphine, codeine, cocaine, alcohol. It is rare to 
see anyone who has become addicted to strychnine. There are few 
people who become caffeine habitués, although many use too much 
coffee. Those people whom I have encountered who have found them- 
selves unable to break away from the use of amphetamine sulphate 
have been those who have had chronic, otherwise incurable, narcoleptic 
or depressive mental states. They have, on the whole, been better off 
with the drug than without it. Their addiction has largely taken on 
the picture of a deficiency addiction; that is, they have been impelled 
to take the substance continuously because something is lacking in the 
organism which the drug supplies. Furthermore, there are no injuries to 
personality or intelligence, such as take place with the narcotic drugs. The 
constant user of amphetamine sulphate does not lie or steal or show 
deterioration in any way. It is possible he may be doing his organism 
damage by its use; in small doses, however, | have seen no evidence of 
this taking place. Whenever a patient takes large doses, the unpleasant 
results usually put an end to the habit. 

In other words, there is not much danger of drug addiction. There 
is much unwise use, some administration for unhygienic purposes, such 
as its use by students, automobile drivers, alcoholics who want to drink 
more than they should, and so on. These are the liabilities of a drug 
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which has, on the whole, many important assets for the successful and 
judicious practice of medicine. 
ABRAHAM Myerson, M.D.* 
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FLUOROGRAPHY. 


Historical. Fluorography (miniature radiography, indirect radiog- 
raphy or Roentgen photography) is photography of a still image pro- 
duced by Roentgen rays on a fluoroscopic screen. The image is pho- 
tographed through a light proof space with a camera having a large 
aperture lens 

The whole history of the Roentgen rays (2-ray) contains references 
to attempts to make use of the photographic method of reproducing the 
roentgenoscopic image. Hirsch* pointed out that Roentgen, in his 
first paper concerning the discovery of the new light to which he gave 
the name of ‘.Y-ray,”’ demonstrated the fluorescent and photographic 
effects of these rays. Since that time much ingenuity has been shown 
in the efforts to establish the best technical method of recording the 
Roentgen image. ‘“The screen image, simple and easy in its attainment, 
instantaneous in its appearance, graphic in its visibility, seemed for the 
moment to be the most desirable and it was only logical to attempt to 
obtain a permanent record of this image by ordinary photography.”’ 
Hirsch credited Bleyer with making the first attempt, in April, 1896, to 
construct and use an apparatus for photographing the fluorescent 
image. ‘‘Porcher (1897),”’ he stated, “after considerable experimenta- 
tion, discarded the method as impractical and as having no advantage 
whatever over direct roentgenography.” “‘However,” Hirsch continued, 
“the allure of the moving picture stimulated workers to investigate the 
possibility of an indirect method of its accomplishment and in 1907 
Kohler, who was engaged in direct Roentgen cinematography, men- 
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tioned photography of the fluorescent image as a promising future pos- 
sibility, and in 1909, in association with Biesalski, described a practical 
method of fluoro-roentgenography, utilizing a screen of calcium tungs- 
tate (blue fluorescence), a camera with an F 2.0 lens and a mirror which 
permitted placing the camera outside the beam of direct radiation. 
Biesalski also used a concave mirror instead of a lens by means of which 
he could obtain a much greater effective optical aperture. 

“Tt was apparent that the future development of the method de- 
pended on the possibility of obtaining lenses of greater aperture, screens 
of brilliant luminescence and photographic films of high sensitivity.” 
Cole and Leven, in the United States, and Comodon in France in 1909 
and 1910 were credited by de Abreu'* with at least touching on the 
principles involved in indirect roentgenography (Roentgen photog- 
raphy) in their remarkable trials with Roentgen cinematography. 
Hirsch stated that ‘Caldwell in 1911 presented all the basic and essen- 
tial principles underlying the application of fluorography and fore- 
shadowed its present-day application with prophetic instinct and 
scientific acumen. He used a 4 by 5 camera with a Cooke lens, working 
at aperture F 4.5 and a ‘Gehler folie’ screen which had phosphorescent 
(after glow) as well as high actinic fluorescence.” He experimented 
to determine whether the “after glow’ would interfere with making 
successful photographs of the screen in rapid succession and demon- 
strated it was not of practical importance as a contaminating factor. 
The photographs he obtained of the extremities, the thorax and the 
thoracic contents were full of rich detail and, as he had hoped, the 
camera recorded much more than the eye could see on the fluorescent 
screen. ‘“‘Caldwell,” Hirsch asserted, “‘pointed out the advantages of 
the method, the low cost, the simplification of the problem of filing and 
transportation. He prophesied that with the development of screens 
of higher actinic properties, photographic films of greater sensitivity, 
lenses of greater speed and more intense excitation by roentgen rays, 
the method would attain a great practical value and would revolution- 
ize roentgenography.” Hirsch continued his historical review with the 
statement that Loman and Camandon used an F 1.55 lens with a spec- 
ially sensitized film; Luboshez made use of an F .625 lens and still more 
recently Dariaux and Dijan, a lens aperture F .53; Schinzel suggested 
the use of a screen bent into a surface concave toward the lens for 
patients to correct for some of the optical errors of the wide aperture 
lenses. The great improvement in recent years in fluorescent screens 
by Leonard Levy of London and in photographic materials, Hirsch 
considered responsible for the development of the method to such a 
state that its practical and routine application was now possible. 

Practical Application. Hirsch credited de Abreu (Brazil) with the 
first large scale application of the method. The researches of de Abreu 
and his group were commenced in 1924"° and were related to the utiliza- 
tion of an inexpensive process of mass survey work in examination for 
pathologic processes involving the thorax and its contents. The first 
Thoracic Census Centers were installed at Rio de Janiero at the end 
of 1936 and the beginning of 1937. Original research along the same 
lines was started in South Africa in 1927 at the department of roent- 
genology of the Witwatersrand Native Labour Association. Work was 
being done on similar lines independently at that time in Germany and 


RADIOLOGY 739 


Japan. Dormer and Collender,? who carried out the work in South 
Africa, stated that impetus was given to their efforts by a desire to pro- 
duce facsimiles of roentgenograms of large groups, a proportion of which 
possibly exhibited pathologic processes involving the thoracic cage or its 
contents, economically and rapidly. They set as a goal the examination 
by this method of 2000 or more persons each day with a suitable plant. 
Using miniature film (approximately 35 mm.) they found the cost, the 
film and the processing considered, to be at least one-twentieth that of 
roentgenographic examination, using 12 by 15 inch (30.5 by 37.5 em.) 
films. They considered the method particularly applicable to the 
examination of groups of persons, for example, recruits in military 
mobilization, as an adjunct in the physical examination of school 
children, the inhabitants of native locations, and the personnel of mine 
compounds and reserves. As a clinical accessory it made possible the 
investigation of contacts and suspects in campaigns directed toward 
the prevention and cure of tuberculosis on a much wider scale than 
otherwise because of its inherent economy. These authors found this 
new method of examination to be a rapid and inexpensive method of 
separating the abnormal from the normal in routine investigation of the 
thorax and its contents. They found it also had considerable value in 
affording a permanent graphical record of progress of the changes con- 
sequent to the establishment of an artificial pneumothorax or other 
form of collapse therapy. Although they personally had not used the 
method for such purposes, they prophe sied that it would prove equally 
valuable in control of fractures and in recording the roe ntgenoscopic 
image of the esophagus, stomach, small bowel and colon after the inges- 
tion of an opaque medium and after the use of the opaque enema in 
examination of the large bowel. The most brilliant demonstration of 
the value of this new method of using the Roentgen rays as an ally in 
clinical investigation was and is being carried out in South America. 
The interest of de Abreu and his co-workers® in this subject commenced 
in 1918 and was renewed in 1924. They attacked this problem dili- 
gently but were unable to obtain decisive or practical results. 

They inaugurated the installation of the first fluorographic apparatus 
for the purpose of carrying out a collective thoracic survey at the Ger- 
man Hospital of Rio de Janiero in 1936. In 1937 three additional 
centers were operating, one in the Public Health Department of Rio 
de Janiero, one in the Navy Hospital and one in the Public Health 
Department of Victoria. In 1939 twenty-five fluorographic apparatus of 
this type had been installed in Brazil and many others in Argentina, 
Chile, and Uruguay. 

The objections with which de Abreu and his co-workers had to con- 
tend at the beginning of their work were principally that since the 
initial roentgenologic indications of tuberculosis were very vague, 
fluorography would not show sufficient detail to make possible the 
recognition of an early lesion of tuberculosis. Experience proved to 
them that frequently Roentgen photography or fluorography which 
allows the making of fluorograms with the patient at various angles in 
relation to the beam of Roentgen rays, such as anterior and posterior 
descending directions, had an advantage over teleroentgenography, 
the present method commonly used, in the delineation of faintly visible 
lesions or even lesions that might be invisible in the teleroentgenogram. 
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In their opinion, the diagnosis of all or almost all cases of pulmonary 
tuberculosis with the aid of fluorography will assist in directing the 
social campaign against pulmonary tuberculosis to meet the threat 
presented by the individual. The social status of individuals who 
present a hazard and of those who are menaced by exposure would be 
known to the health authorities. The thoracic census survey would 
permit early diagnosis by means of Roentgen photography of all the 
population and enable the dispensaries to operate with the utmost 
efficiency. Systematic prophylaxis would at once solve the problem 
regarding suspects in private homes, whether they were members of the 
family, relatives, servants or visitors. These persons would be sum- 
marily withdrawn from contact with children and adolescents. The 
methods of sanitation and prophylaxis, based on hospital dispensaries, 
which were in vogue until the time of the inauguration of this new 
method, have failed because a complete thoracic survey had not been 
made. Tuberculosis prophy laxis, de Abreu and his co-workers con- 
tended, cannot be secured by treatment and isolation of a small per- 
centage of persons suffering from tuberculous infection. On the con- 
trary, it must be based on the discovery of all persons harboring infec- 
tious tuberculous foci and isolation of these for the protection of those 
in a receptive condition and threatened by tuberculous infection. 

In a summary of the comparative costs of the examination of groups 
of persons, based on their experience with all methods, they estimated 
that routine roentgenographic examination by the methods commonly) 
in use up to the time of the introduction of fluorography would entail 
an expenditure of $900,000 per million examinations; roentgenoscopy 
(fluoroscopic observation) alone, which has been tried to reduce costs 
where economy demanded it, would cost $340,000; while fluorography 
of the same number of persons could be accomplished with an expendi- 
ture of only $112,000. In fairness to these figures it must be pointed 
out that the figures for roentgenographic examination quoted, appar- 
ently were based on the use of a single film for each examination. Had 
stereoscopic sets been made, as is done in some routine examinations, 
the film cost alone, without consideration of that of equipment and 
processing would have closely approximated $1,500,000 instead of 
$900,000. 

A method of routine investigation of the thorax which in their exper- 
ience has proved adequate for all the purposes for which it was sug- 
gested, at a minimum of 12.4% of the cost of other methods in use to 
that time prompted this summary of the experience of de Abreu'* on 
behalf of himself and his group: ‘Today, three years after the first 
practical results were achieved, collective fluorography is universally 
accepted. At the beginning of this work, there were many roentgenol- 
ogists who expressed themselves in opposition to the procedure but 
have since become convinced as to its practicability.” 

The method was carried to the United States by Lindberg, who tried 
this method in the Macon County Tuberculosis Sanatorium at Decatur, 
Illinois, after a visit to Rio de Janiero, late in 1937. De Abreu? asserted 
that an attempt to interest American manufacturers in the construction 
of apparatus to carry out his method was unsuccessful. 

Lindberg,® in a publication suggesting modifications of technique for 
Roentgen photography made in 1939 considered the method sufficientl) 
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adequate for routine investigation, with the reservation that direct 
roentgenography be used to supplement this examination whenever 
abnormal densities were encountered. He considered the method defi- 
nitely superior to roentgenoscopy by reason of the permanence of 
record, greater contrast and opportunity for more leisurely study and 
more deliberate interpretation. 

Hirsch presented in detail a description of the apparatus and tech- 
nique required for the production of the fluorograms on 35 mm. film. 
Different methods are suggested to prepare the fluorograms for viewing: 
they may be viewed with the aid of a magnifying glass, or they may be 
projected to a magnification of preferably 6.8 times. For the average 
chest, this Just compensates for the distortion due to the use of 30 inch 
76 em.) target-screen distance. A good projector and a grainless screen 
are necessary for optimal results. The film may be projected to the 
usual full size lecture hall screen. The preferable method of filing and 
storing the fluorograms appears to be to mount the individual films in 
2 by 2 inch (5 by 5 em.) slides, with a paper mask on which may be 
written any information desired. 

Potter® gave the details of experimental work which was commenced 
in the United States in 1934, which included the production of fluoro- 
grams of 35 mm. dimension, and resulted in making these on 4 by 5 
inch (10 by 13 em.) film. It was his opinion that miniature films of the 
thorax, to answer well the requirements for case findings, should not be 
less than 3 or 4 inches (7.6 or 10 cm.) in diameter. Having demonstrated 
the accuracy of the miniature film in chest surveys by comparisons of 
these with films of standard size, made at a distance of 6 feet (183 em.), 
in one-twentieth second on patients of the Chicago Municipal Tuber- 
culosis Sanatorium, he hoped that some dependable survey group could 
be induced to undertake a similar demonstration in a true spirit of 
scientific curiosity and make an authoritative report of the results. His 
patients were chosen to represent various pathologic types and included 
men and women of considerable adiposity as well as thin adults and 
children. 

Should the miniature method prove acceptable to men now actively 
making tuberculosis surveys, Potter felt that it would speed up their 
work enormously. It might aid materially in clearing up some of the 
general and some of the special questions foremost in their minds. 
\mong the general questions was the contention of Madsen, of Den- 
mark, that more severe tuberculosis develops among patients who are 
tuberculin-negative than among those who give a positive test. If this 
were true, it would make our present inferences from skin tests look 
rather absurd. As an example of a special question one might mention 
the finding, either by a sampling process or by wholesale examination, 
of those parts in any given city in which tuberculosis is most prevalent. 
‘The answer to such questions might be obtained soon by a “‘flexible and 
economical x-ray method.’ The outstanding economy derived by use 
of this miniature method was a reduction of material expense. In 
cases in which miniatures could be used, the saving was the difference 
between $650 a thousand and $50 a thousand examinations. Having 
screened out the case showing pathologic interest, the cost of working 
it up with standard films, made to afford stereoscopic visualization and 
study, would be the same as it is at present. Secondary economies 
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in the making and processing of the fluorograms, in facility of filing, 
and in the decrease of space for film storage are obvious. 

Experiments are still being carried out which bid fair to increase the 
speed and efficiency of screen, lens and film so that a lower milliam- 
perage may be used. 

In the discussion which followed his address, Potter stated that 
routine reading of the miniature films is a simpler procedure than that 
of full-sized films. The smaller films could be handled with ease because 
of their size, and the small illuminating box required had a less tiring 
effect on the eyes, if they were sensitive to light. A new portable appa- 
ratus of high capacity for the making of fluorograms was being de- 
veloped. 

While no reference was found to it in a cursory review of the literature, 
it is common knowledge that work is being done on the development of 
apparatus which will provide a means of making these fluorograms on 
film of 35 mm. dimension in sets that will allow for projection and view- 
ing with the aid of polarized glass spectacles; the results will be the 
equivalent of stereoscopic visualization. 

Fluorography, in the experience of Hirsch, is applicable to the study 
of the skeleton, delineating gross bone changes and deformities. For 
some years, he stated that he has made studies of the relationship of 
habitus to visceral morphology, using films of 20 by 36 inch (51 by 
91 cm.) dimension, but the high cost of the roentgenograms has impeded 
this work. By fluorography, however, it will now become possible to 
make such examinations of large groups at a very low cost. 

The practical utility of fluorography has been demonstrated only in a 
limited field to date; its application has been confined largely to studies 
of the thoracic cage and its contents in routine or group examinations 
made as a part of campaigns against tuberculosis; in one instance it 
had a connection with an industrial survey for evidences of silicosis and 
other types of pulmonary lesions classified as occupational hazards. 

Hirsch stated that fluorography clearly delineates the position and 
shape of the heart and, if suitable correction factors are used, the diame- 
ters of the heart shadows may be determined according to the methods 
used in teleroentgenography. The Symposium on Heart Disease at the 
meeting of the American Roentgen Ray Society in September, 1938, 
dealt largely with the relation of roentgenoscopy and roentgenograph) 
to the making of the diagnosis in this type of lesion. Sosman™ sum- 
marized this with the statement that roentgenologists who do not work 
with physicians well trained in cardiology can contribute more toward 
the establishment of the diagnosis of heart disease than those whose 
patients have been accurately and carefully studied by a first class 
cardiologist. The attitude of the roentgenologist, however, should be 
coéperative, remembering that the roentgenologic is only one of a 
number of methods of physical examination. ‘The roentgenologic 
method of examination,” he stated, “is most valuable when the physi- 
cian is trying to decide whether or not heart disease is present.’’ It is 
a well-known fact that valvular disease of the heart sooner or later 
results in dilatation or hypertrophy of one or more chambers. From 
the enlargement of a certain chamber and the resultant change in the 
contour of the heart one can deduce which valves are at fault.”’ 

Hodges® found that the voluminous literature in the field of cardiac 


RADIOLOGY 743 


roentgenology was devoted to a considerable extent to the subject of 
cardiac measurement. Although the normal position of the heart 
during life cannot be reliably described with anatomic accuracy, because 
of its normal mobility, certain relationships are relatively constant. 
Because distortion is inevitable when an object is projected in a beam 
of divergent rays, it is important to take steps to minimize this distor- 
tion in preparing silhouettes intended for use in estimating size. Hodges 
described in detail the positions of the patient in relation to the target- 
film axis best suited to the delineation and illustrated the normal appear- 
ance of the heart and great vessels in these various positions and ap- 
pended standards of normal measurements. Robb and Steinberg'® 
described what they had found to be a practical method for visualizing 
the four chambers of the heart and the thoracic blood-vessels of human 
beings. Their method consisted of: 1, the rapid peripheral intravenous 
injection of enough radiopaque solution (concentrated diodrast— 70%) 
into the blood stream to make the interior of the heart opaque to 
Roentgen rays during the first circulation and 2, the making of roent- 
genograms of the cardiovascular structures at the moment of their 
opacification. They illustrated the changes noted in rheumatic heart 
disease, syphilitic cardiovascular disease, aortic aneurysms, hyper- 
tensive cardiac disease, and arteriosclerotic and cardiovascular disease. 
Freedman’ found the best differential diagnostic sign between a decom- 
pensated heart and pericardial effusion was based on the change of 
cardiac configuration during changes in the position of the patient as 
described by Holmes. The most reliable method was the daily Roent- 
gen examination of the heart and the finding of considerable change in 
its size within short periods of time. Cardiac compression attributable 
to pericardial scar formation has some features that may be recognized 
roentgenographically ; the degree of fixation resulting may be determined 
with the aid of expiratory and inspiratory postero-anterior roentgeno- 
grams taken with the patient lying on either side and with lateral views 
taken during inspiration and expiration. The most conclusive sign 
of cardiac compression, calcification of the pericardium, when present, 
is visible in roentgenographic examination. Sosman described the 
roentgenoscopic appearance of calcification in the valves and stated 
that the demonstration of these lesions added considerably to the accur- 
acy in both structural and etiologic diagnoses. Levene’ remarked on 
the changes in cardiac size, contour and activity, occurring frequently in 
systemic disease. He discussed the roentgenologic features of non- 
valvular disease of the heart. In myocardial insufficiency, hypertension 
and hypertension of lesser circulation he found that distinctive roent- 
genologic appearances were produced. Careful roentgenologic study, 
therefore, was well suited to the identification and appraisal of disturbed 
cardiac dynamics. Its importance was further increased by its ability 
to depict the relationship of the greater and lesser circulation in the 
individual case. It offered confirmatory evidence of a diagnosis estab- 
lished by other clinical methods and frequently assisted in the differen- 
tiation of the causes of cardiac enlargement and decompensation. 
When signs of heart disease are found before the age of twenty, the 
diagnosis usually lies between a rheumatic and a congenital lesion. 
Prior to the advent of cardioroentgenology a good many cases were 
not diagnosed or passed through life classified as heart disease of rheu- 
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matic etiology. In Roesler’s'' material positive roentgenologic findings 
were present in 85% of all cases; these findings were of definite diagnostic 
value in 51%. Abnormalities in the pulmonic area were approximately 
three times more frequent than in the aortic area. Teleroentgenoscopy 
was the ideal method of examming the aorta and pulmonary artery, 
but in the opinion of Sussman" ordinary roentgenoscopy in experienced 
hands was quite satisfactory. Modern practice requires that the inves- 
tigation should be made in at least the postero-anterior, right and left 
oblique and lateral positions. Mensuration is important but must be 
practiced only under conditions in which the projection error is minimal, 
that is, either from orthodiagraphic tracings or from teleroentgenologic 
studies. Roentgenography must be supplemented by roentgenoscopy 
for the study of pulsation, mobility, density and course. 

Economic Aspect. The most universal acknowledgment of the 
accuracy of the roentgenographic method of diagnosis over all other 
known methods by the recognized authorities concerned with diseases 
involving the contents of the thoracic cavity has impressed so many 
clinicians that today the greater number of them regard roentgeno- 
graphic examination as an integral part of every routine examination. 
Continued experience with this method of examination has confirmed 
this opinion and it also has demonstrated the need for multiple roent- 
genograms made with the patient in various angles in relation to the 
axis of the light beam, if the accuracy of the method is to be maintained. 
This tendency toward multiple roentgenograms was noted throughout 
the various addresses given at the Symposium on Heart Disease as 
necessary to successful study and accurate diagnosis. This multiplica- 
tion of roentgenograms has materially increased the cost of the indi- 
vidual examination and probably is a vital factor in the increase of the 
cost of medical care which is the subject of much thought and discussion 
at present. 

Potter has exemplified this cost factor in group survey work in con- 
nection with the prevention and cure of pulmonary tuberculosis with 
his quotation of Plunkett that the cost for finding one case of pulmonary 
tuberculosis in the age group from birth to 14 years was over $4,000 
He asserted that in cases in which miniature films (4 by 5 inches) could 
be used this cost could be lowered to at least one-thirteenth of the cost 
of the older methods. De Abreu'* found the use of 35 mm. film in a 
similar line of endeavor lowered the cost to approximately 12.4% of 
that of using 30 by 40 em. (12 by 16 inch) roentgenograms. 

In using fluorography for the examination of the thorax of recruits in 
military mobilization Holfelder and Berner made 300 to 350 examina- 
tions per hour and the resulting films were satisfactory for diagnostic 
purposes. They felt that as many as 500 films could be examined in an 
hour and an accurate diagnosis could be made from the miniature films 
(24 sq. mm.) in all cases. They studied 10,598 films and the findings 
were normal in 93.1%; pulmonary tuberculosis was detected in 0.87% 
and cardiac abnormalities, in 0.05 %. 

Comment. Hospitals and other organized medical units were created 
to provide services which were beyond the means and the ability of the 
individual practitioner to render at a cost within the means of the 
majority of persons. 
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In these organizations it was found that a liberal use of laboratory 
services, even to the point of routine examination of every patient 
admitted, materially reduced the time the patient spent in the hospital 
and also resulted in a significant reduction of the time and effort required 
»y the individual patient from members of the professional staff. 

Because it replaced conjecture with factual graphic evidence in all 
cases In which it was applicable, roentgenologic investigation became 
an indispensable feature of every such organization. 

The experience of the astute and open-minded clinician was that in 
the examination of the thorax the roentgenologic method attained a 
degree of accuracy unattainable by any other method. The same was 
true of examination of the alimentary canal and of the bones and joints. 
There has been a growing tendency to request a primary roentgenologic 
examination with subsequent correlation of the factual data of this 
with that of all other examinations. 

To maintain and increase the efficiency of the roentgenologic method 
it was found necessary to increase the number of films used in the indi- 
vidual examination. For example, in the symposium on heart disease 
previously mentioned the necessity of multiple roentgenograms with the 
patient in various positions in relation to the target-film axis was 
stressed. Roentgenograms were made to check roentgenoscopic obser- 
vations and to serve as permanent records of these examinations. 

While roentgenologic examination has had many advantages, no 
doubt, it has at the same time been a factor in the increase in the cost 
of medical care. As in all other lines of human endeavor, much time 
and thought is being spent on ways and means to lessen this financial 
burden without prejudice to the efficiency of the service rendered. It 
may be that in this seed of thought, planted in 1911 by the then acknowl- 
edged dean of roentgenologists, Caldwell, and revived in a true spirit 
of utilitarianism by Potter, whose opinion is highly regarded profes- 
sionally, rests the solution of the problem as far as medical practice is 
concerned. One is encouraged in this thought by the enthusiasm con- 
cerning the possibilities of the practical application of fluorography 
shown by still another roentgenologist of erudition and long experience, 
Hirsch, in his comprehensive presentation of the facts known to date 
concerning this new procedure. 

Because of its dual interest to those working in the field of preventive 
medicine and those engaged in the practice of medicine this subject 
seems to deserve the serious consideration of the medical profession as 
a Whole and the earnest codperation of all who are in a position to assist 
in its development. 

C. G. SuTHERLAND, M.D. 
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The Effect of Asphyxiation by CO, on the Gas Content of the Swim- 
bladder of Some Marine Fish. VirGinia Sarrorp (Biological Labora- 
tory, Swarthmore, Pa). It is generally agreed that the main function 
of the swimbladder of fish is to maintain the buoyancy of the fish at 
different depths. This hydrostatic activity involves gas exchange. 
The following experiments showed gas exchange in physoclistous 
marine fish where no apparent hydrostatic activity was involved, but 
gases passed by diffusion across the gills from the sea water to the blood, 
were transported by the blood and diffused out at the swimbladder. 
Likewise oxygen passed out of the swimbladder during the course of 
the experiments and so became available for respiration. The amount 
of oxygen which was absorbed was shown to be limited in proportion 
to the tension of CO, which had been transported from the water to the 
swimbladder. 

The scup, sea robin, cunner, tautog, killifish and toadfish (all marine 
physoclisti) were bottled by the method of Fry and Black (Am. J. 
Physiol., 126, 497, 1939) in sea water with various tensions of CO» 
The water was analyzed for COs and Oy after the death of the fish, and 
the results established a characteristic curve for each species, 7. ¢., the 
ability to use the oxygen in the water decreases with increase in tension 
of COs. The sea robin is asphyxiated by 40-60 mm. COs, the scup by 
60-80, the cunner by 100-140, the tautog by 140-160, the killifish by 
200-240 and the toadfish by 250-280 mm. COs. 

After asphyxiation of the fish the CO. and Oy content of the swim- 
bladder gas were determined as well as the gas content of the water. 
The analyses showed that CQO» is readily transported from the water 
across the gills to the blood and given off into the swimbladder, but 
that the amount of CO: in the swimbladder reaches a maximum pres- 
sure approximating the tension of CQ) in the water to which the fish 
is sensitive. The oxygen is absorbed from the swimbladder in consider- 
able quantities during the course of asphyxiation in the presence of little 
or no CO. When CO, is added to the water and transported to the 
swimbladder, less oxygen is absorbed from the swimbladder. It appears, 
therefore, that the presence of CO. which limits utilization of oxygen 
at the gills is effective in the same way at the swimbladder membrane 


6(a)-Hydroxy-Progesterone. MAXIMILIAN EHRENSTEIN and THELMA 
QO. STEVENS (George S. Cox Medical Research Institute University of 
Pennsylvania). The preparation of progesterones and desoxy-corti- 
costerones which are hydroxylated at various carbon atoms of the sterol 
nucleus appears desirable in order to investigate the chemical specificity 
of “corpus luteum hormone” and ‘‘cortin”’ action. The acetate of the 
6(a)-hydroxy-progesterone was obtained by means of the following 
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procedure: 5-pregnan-20-on-3-ol yielded with hydrogen peroxide 


pregnan-20-on-3 (8), 5, 6 (trans)-triol; m.p. 256-258". (See also: 
M. Ehrenstein, J. Organic. Chem., 4, 506, 1939). Acetylation of the 
latter furnished the 3, 6-diacetate; m.p. 215.5-216.5°. With special 


precautions, a partial saponification was performed whereby the 
hydroxyl group at carbon atom 3 was set free. M.p. of the 6-mono- 
acetate: 222-226°. Oxidation of the latter compound with chromium 


trioxide furnished pregnane-3, 20-dione-5, 6(trans)-diol 6-mono-acetate: 
m.p. 215-217.5°. This compound was dehydrated by means of dry 


hydrochloric acid in a solution of chloroform. Thereby 4-pregnane-3, 
20-dion-6(a@)-ol acetate [6(a@)-hydroxy-progesterone acetate] was ob- 
tained; m.p. 145-146°. Saponification furnished the free 6(a@)-hydroxy- 
progesterone. It ought to be stated that this new substance is an 
isomer of desoxy-corticosterone. It differs from the latter insofar as 
the hydroxyl group is not attached to the side chain but to carbon atom 
6 of the sterol nucleus. 

The substance possesses a marked progestational activity; 5 mg. gave 
a strong response in the Corner-Allen test (tested by Dr. A. W. Make- 
peace). Since this dosage was arbitrarily selected, it is not known 
whether a smaller amount would produce the same effect. According 
to the literature, progesterone gives a positive Corner-Allen reaction 
when tested with | mg. The 6(a@)-hydro-progesterone acetate will also 
be examined for “‘cortin” activity. 


The Effect of Diet Upon Liver Composition in the Presence of Com- 
mon Duct Obstruction. Jonnson, I. S. Ravptn, Harry M. 
Vars, and Haroup A. Zinrev (Harrison Department of Surgical Re- 
search). Dogs were given high fat diet for 2 weeks, thereby raising 
their hepatic fatty acids concentration. They were then subjected to 
complete cy stic and common duct obstruction. Various diets were 
compared regarding their efficiency in lowering the hepatic fatty acid 
concentration in the presence of common duct obstruction. 

A diet high in protein and carbohydrate with no fat was found to be 
the most effective in reducing the liver fatty acid concentration and in 
increasing the liver glycogen in the presence of common duct obstruc- 
tion. This diet gave approximately the same results as the usual high 
carbohydrate diet in about one-half the time. 

An adequate caloric intake is essential in the preoperative treatment 
of the biliary patient. If the caloric intake is low it is especially impor- 
tant that the diet contain no fat. 


Experiments Upon Air-borne Infection. Wituiam FirtH WELLS 
Laboratories for the Study of Air-borne Infection, University of Penn- 
sylvania). Evaporation of minute droplets expelled in expiratory pro- 
cesses enables infection to ride these droplet nuclei on air-currents. 
Quantitative experiments upon animals, inhaling nuclei-infected air, 
demonstrate the penetration of these nuclei to the depths of the lung 
with consequent production of disease. 

Studies indicate that the transfer of nuclei infection from infector 
to infectee varies with the conditions of sanitary ventilation. The 
equilibrium concentration predicted by the ratio of the elimination rate 
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to the addition rate of test organisms in semi-enclosed spaces corre- 
sponds to the concentration of nasopharyngeal organisms determined 
by sanitary air analysis. 

Respiratory infection, manifested by disease, exhibits the same epi- 
demiologic pattern of spread through aggregations sharing common 
atmospheres as do droplet nuclei and nasopharyngeal organisms. The 
pattern formed by interlocking aggregations thus conforms to the 
pattern of epidemic spread of childhood contagions. 

Similarity of pattern of spread of latent respiratory infection to 
clinically manifest contagion has been shown by immunity and sensi- 
tivity tests, and by epidemiologic studies of age incidence. Though 
many factors complicate the clinical pattern of spread of air-borne 
infection, there is no reason to believe that the epidemic pattern of 
infection spread differs from the simple basic pattern of spread of 
clinically manifest contagion. 

Aggregation within the same enclosed atmosphere implies the proxim- 
ity in time and space which dominates the idea of contagion, and is 
implied by the term ‘‘contacts.”’ Air-borne infections thus become con- 
tagious infections. This hypothesis of air-borne infection creates a 
vehicle adequate to convey infection with the velocity and universality 
characterizing contagion. 

Recognition of vehicles of spread of infection leads to methods 
disease prevention. Studies on prevention of contagion by the bacteri- 
cidal irradiation of the air we breathe promise conclusive evidence of the 
importance of air as a vehicle of saadenion. 
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